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ABSTRACT

D)

documentation for performing certain nonparametric

This thesis contains programs written in APL and -

tests and computing nonparametric confidence intervals.
These methods of inference are particularly useful 1in
dealing with Department of Defense related problems as
illustrated in the several military examples worked in
Appendix C. The following nonparametric tests are
considered: Sign Test, Wilcoxon Signed-rank Test, Mann-
Whitney Test, Kruskal-Wallis Test, Kendall's B,
Spearman’s R, and Nonparametric Linear Regression. The
tests are based on the exact distributions of the
respective test statistics unless a 1large sample
approximation is determined to provide at least a three
decimal place accuracy. The software consists of two
APL workspaces; one, which is designed for
microcomputers (IBM PC’s or compatibles) and is menu-
driven, and the other, without menus, is designed for
the mainframe computer (IBM 3033) at the Naval

Postgzraduate School. C}\\\\
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I.INTRODUCTION _

Q

-

Although nonparametric procedures are powerful :

-

tools to the analyst, they are currently underused and i
often avoided by potential users. Perhaps one reason 'q
%

for +this 1is the difficulty in generating the exact ?
)

distributions of the test statistics, even for moderate o
sample sizes. Consequently, tables of these ;
distributions are only available for very small sample i
o+
sizes and normal theory based approximations must then ;;
be used. -
The purpose of this thesis is to make a variety of S
nonparametric procedures quick, easy and accurate to N
apply using menu driven computer programs in APL.1 E
} Y
These programs use enumeration, recursion, or :\
)

combinatorial formulas to generate the exact null «
distribution of the various nonparametric test ’
'.

statistics. This allows hypothesis testing and o
P4
confidence interval estimation to be based on exact ﬁ‘
distributions without the use of tables. For 1larger oi
0,
sample sizes, the normal, F, and T distributions are N
)

TAPL was chosen because it 1is an interactive N
language that 1s especially powerful at performing %
calculations dealing with rank order statistics and e
vector arithmetic. Menus are not included 1in the 3
workspace designed for the mainframe. o
9 N
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used to approximate the distributions of the test

statistics with three decimal place accuracy.

Section II addresses workspace design issues, to
include, workspace requirements and assumptions
regarding 1its use. Section III discusses the methods

used to assess the accuracy of different aéymptotic
approximations, and the sample sizes required for an
approximation to yield three decimal place accuracy.
Section IV gives background information and discusses
programming methodology for nonparametric <tests based
on single and paired sample data. In Section V,
nonparametiric tests for two or more independent samples
are considered. Section VI discusses nonparametric
tests for association; and, Section VII deals with
nonparametric simple linear regression. Section VIII
recommends other nonparametric tests that may be added
to the workspace and areas for further work.

To show application of nonparametric statistical
methods to Department of Defense problems, several

military examples are worked in Appendix C.

10

R N e N

SRR TR LI SR
AL AN A,

“~

...-.’.:',-\ ‘..-"'J'.f.‘.-)"-‘1'\‘#:’-‘. = "\ \'..x\,\.l . .y




()

II.WORKSPACE DESIGN ISSUES d

h

This section presents a brief overview of the L

g

»l

design considerations wused 1in developing the APL Al

workspace for both the mainframe and microcomputer.

Py

A. EQUIPMENT AND SOFTWARE REQUIREMENTS i

The microcomputer must be an IBM PC or AT )

sompatible, equipped with 512 kilobytes of RAM and the ::

APL*PLUS/PC system software, release 3.2 or later, and ;t

IBM’'s DOS, version 2.00 or later.! The 8087 math 3

coprocessor chip is not reguired to run this software, b
but will increase the computational speed.

B. KNOWLEDGE LEVEL OF THE USER Y

The user 1is expected to have had some exposure to 3

APL and a working knowledge of nonparametric E

statistics. Familiarity with microcomputers or the w'

Naval Postgraduate School mainframe computer is E:

assumed. 2

-

f

1The APL system software requires 144 kilobytes of E

RAM while the NONPAR workspace requires an additional 2

190 kilobytes. 0,

5
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c. SELECTION OF TESTS

The nonparametric tests chosen for this workspace
are some of the more widely known, and are considered
basic material for any nonparametric statistics course.
More information about the tests can be found in any of

the textbooks that are referred to in this document.

D. MENU DISPLAYS

The microcomputer’s workspace is designed around
the use of menus. This was accomplished using *he
software package PC TOOLS from STSC. These menus are

designed to guide the user through the selection of the

tests without an sxcessive amount of prompting. The
main menu displays the choices available 1in the
workspace, while the test menus give the background
information and options available for each test. Help

menus to provide additional information about the

tests are also available.

E. ORGANIZATION OF WORKSPACE DOCUMENTATION
Separate documentaticn 1s included for the
microcomputer’s and mainframe computer’'s workspaces

(see Appendices A and B, respectively). The

n

e
appendices =xpliain Gthe osrgzanizat.con and dperasisn of
the workspaces. Appendix C, which provides example

problems for each nonparametric test, is applicable to

both workspaces.

12



IIT.GENERAL SAMPLE SIZE CONSIDERATIONS AND ASYMPTOTIC
APPROXIMATIONS

- e

In this thesis, the term alpha value is used in

a general sense, and refers to the probability of

W rejecting a *“rue null aypothesis. The term P-value
3 ~efers tCc <he probability that a test statistic will
L}
t exceed (or not exceed in the lower-tailed test) the
31 computed value, when the hypothesis being tested is
)
.ﬁ true.
X
L For selected values, the exact cumulative
% distrioution functions (C.D.F.) of the *test statistics
? : are compared with those obtained from normal based
: asymptotic approximations. The results of the compari-
\ sons are used as a basls for assessing the accuracy of
§ the approximations. In those cases where more than one
v asymptotic approximation has been suggested 1in the
h literature, the accuracy of each approximation is
Cé
{ compared over a range of desired C.D.F. values and
* sample sizes. From the results, the most consistently
Q accurate approximation, and the sample size for which
:2 ~hat approaxXximation DJroaviies an ~.2as< taree liecimal
- pPlace accuracy is determined.

3 Once the accuracy comparisons were completed for a
o
Q specific nonparametric test, microcomputer capabilities
; 13
S
-
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were considered. In some cases, 'generation of the
exact distribution up to the desired sample size took
too 1long or was not possible on the PC. When this
occurred, the mainframe computer was used to generate
the required distributions with the results stored in
numerical matrices for quick recall by the

nonparametric test programs.
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IV.TESTS FOR LOCATION BASED ON SINGLE AND PAIRED-
SAMPLE DATA

The tests assume that the data consists of a

R R

single set of independent observations Xi{ or _paired
observations (Xi,Y¥iy), 1i=1,2,...,N, from a continuous
distribution. For the single and paired-sample cases,
the null hypotheses are concerned with the median of
the X4 and the median of the differences X:- Y;.
respectively. The tests considered are the Ordinary K

Sign Test and the Wilcoxon Signed-Rank Test.

4
A, ORDINARY SIGN TEST

The Sign test can be used to test various s
hypothesis about the population median (or the median
of the popuiation of differences). Confidence
intervals for these parameters can also be constructed.
As a final option, nonparametric confidence intervals
for +the quantiles of a continuous distribution are

offered.

1. Computation of the Test Statistic

For single-sample data. *the tast statistic X
is computed as the number of observations X{ greater
than the hypothesized median Mp. For the paired-sample ;
case, K is the number of differences Xj- Yi that exceed !

Mg . All observations Xj (or Xj- Yj) that are equal to !

15
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Mg are ignored and the sample size decreased ;
accordingly. As long as the number of such ties 1is
small relative to the size of the sample, the test

results are not greatly affected. Gibbons [Ref. 2:pp.

108]. o3
2. The Null and Asymptotic Distribution of K 3
The null distributicn of K is binomial X
%
with P = .5. In Table 1, the exact values of the .
C.D.F are compared with the corresponding approximate hy
values using a normal approximation with and without :
continuity correction. '
)
TABLE !'. C.D.F. COMPARISONS FCR THE SIGN TEST
_ PROBCX £ k1; FOR SAMPLE 31ZZ EQUAL TO 24. s
TEST STAT. VALUE | 3 1 s ! - 7 i g8 | 3 | 10 | 11 N
. } S + + } + p
EXACT C.D.T. I 00334 | Q4433 | ,03496 | ,07579 | .13373 | .27063 | .41344
1 1 [ 1 1 L] L
T i L) T ¥ 1 U ‘
IRROR; NORMAL b .00447 | 00447 | .01434 | ,02456 | .04339 | ,06352 | .07786 N
- = 4 +— b ; 5 )
ERROR; NORM. WCC 17.00063 17,001404 17,00444 17,00073 1 ,00004 | .00048 | .00028 ';
L L 5 A 1 L L *
' N
PROBLX ¢ k1; FOR SAMPLE SIZE EQUAL TO 2sS. N
T T T T T T v i‘
TE3ST STAT. VALUE | 6 l 7 } 8 | 9 | 10 | 11 | 12 2
t $ } + + + }
EXACT C.D.F. | ,00732 1 .02164 | .05383 | 11476 | .21243 | ,34502 1 .S0000 o
L ! L ] i 1 1 ‘
; * ; * o X3
T2207: MORMAL CL0280 1 L 07T T LOATRS o L05400 1 L05382 0 L0TOTT 1 .0TEIs N
IR20R: HOBM, W/ lT 0T 30083 5 TLO044L 17.00092 1 TL00031 1 LO003E | L 00044 | L0000 y
L 1 L i L L L .
w\l
Wy
R)
1]
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As can be seen, for sample sizes greater than
25, a normal approximation with continuity correction
is accurate to at least three decimal places.

3. Hypothesis Testing

P-values are computed for three basic
hypotheses comparing the median of the population or
the median of the population of differences M with a
hypothesized median Mg. P-values are taken from the
cumulative distribution of the Dbinomial for the
following tests of hypothesis.

a. One-sided Tests

(1) H@: M = Mg Versus H1: M < Mp. The
P-value equals Pr[K < k], where k 1is the computed
value of the test statistic.

(2) H@: M = Mg Versus H1: M > Mp. The
P-value equals Pr[K > k].

b. Two-sided Test.

(1) H@: M = Mg Versus H1: M # Mp. The
P-value equals twice the smaller value of a(1) or
a(2), but does not exceed the value one.

For sample sizes greater than 25, a normal

approximation with continui+y correction is ‘used.

3. Confidence Interval Zs=T.mation

Confidence intervals for the population
median are based on the ordered observations 1in the

sample. For paired-sample data, confidence bounds are

17
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obtained from the ordered differences of the pairs of
data. A 100(1- a )% confidence interval is determined ;
in the following manner. Let k be the number such that
PrlK < k] ¢ (a/2). Then, the (k+1)th and (N-k)th
order statistics constitute the end points of the _ N
confidence interval. Gibbons [Ref. 1: pp.104].

For computing confidence intervals when
sample size N 1s greater than 25, a normal
approximation with continuity correction is used.

Also included under this test is an eoption to

&enerate nonparametric confidence intervals for any
specified quantile given a sample size N frcm a
continuous distribution. The end points of the '

intervals are sample order statistics.

B. WILCOXON SIGNED-RANK TEST ' )

@ w_o_

[ B A4

The signed-rank test requires the added assumption

that the underlying distribution 1s symmetric. This

v O

test uses the ranks of the differences Xi- Mg (or Xi-

“("l.l.-

Yi- Mg) together with the signs of these differences to
(
determine the test statistic. Confidence intervals for ‘
the median can also be constructed. h
b Y
1. Computatizsn 3t the Tes+ 35atistic v
[N
For single-sample data, the test statistic W t
L4
is computed as follows. i
<
*
18 ¥
%
:.
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Let Zi =
@ if Xy- Mp < O

and let ri{ = rank(|Xj- Mp|). Then, W = _iziri.
i=

For paired sample data, W is calculated 1in
the same manner, except the differences to be ranked
-t are the paired-differences minus the hypothesized
median. Zero differences are ignored and the sample
size is decreased accordingly. When ties occur between
R ranks, the average value of the ranks involved are
o assigned to the tied positions. It has been shown that
a moderate number of ties and 2zero differences has

" little effect on the test results.!

g 2. The Null and Asymptotic Distribution of W

V The exact null distribution of W is given by:
% PriWw = w] = uy(w)/2N, w=20,1,2,...,N(N+1)/2, where
k uN(w) 1is the number of ways to assign plus and minus
; signs to the first N integers such that the sw e
j positive 1integers equals w. It can be shown ~ee
: Gibbons [Ref. 1:pp. 112]) that uny(w), for successive
5 values of N, can be computed using the recursive
% relationship:

g UN(w) = uN—1(w=N) + uNy-1(w)

&

y 1For more information on the effects that zeros and
N tied ranks have on the Wilcoxon Signed-Rank Test, see
o Pratt and Gibbons ([Ref. 3].
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Exact C.D.F. values Qere compared with those
obtained using the following asymtotic approximations:
student’s T with (N-1) degrees of freedom (1),
student's T with continuity correction (TC), normal
(Z), normal with a continiity correction (ZC), the
average of T and Z as suggested by Iman [Ref. 4], and
the average of TC and ZC.

As can be seen in Table 2 below, the average
of TC and ZC gives the most consistently accurate
results with three decimal place accuracy when the

sample size exceeds 9.

TABLE 2. C.D.F. COMPARISONS FOR THE WILCOXON
SIGNED-RANK TEST

PROBLW ¢ wl; FOR SAMPLE SIZE EQUAL TO 9.

TEST STAT. VALUE | 3 ; 3 ; 6 ; 8 ; 9 ; 12 ; 14
d L I I3 ’n L L

EXACT C.D.F. ; .00977 ; .01933 ; 02734 ; 04383 ; 06445 ; «125900 ; .17969 -
L d L e e 4 1

ERROR; NORMAL ;'.00067 ; .00046 ; .00204 E »00594 ; .00958 i .01324 T 02272
L i L I\ d L

ERROR; NORM. W/CC ;'.00243 ;°.00247 E’.00167 E .00023 i 00269 E .00693 E . 00806
s i

ERROR; T DIST ; 00518 i . 00608 i 00673 i .00704 ; .00847 E .00826 ; .00818
L 11 (1 L i

ERROR; T wW(CC AT .00335 ; .00276 ; .00233 ; 00042 ;'.00010 ;’.0043? ;' 00725
L ! (] L e L 1

ERROR; AVE T/2 ; 00225 ; .00327 ; . 004338 ; 00648 { . 00888 ; .01323 i 01543

& ! . L I8 5
TRAQR: VB TLLTID o L000Se 20014 1 00033 ; L0017 : ouied ; GCicld ; VAT 3]




TABLE 2.

(Continued)

PROBCW ¢ wl; TFOR SAMPLE SIZE EQUAL TO 10.

—

TEST STAT. WALUE | 3 { 7 i 8 | 10 i 12 | 13 i 17
[ 1 [} ! L L i
EXACT C.D.F. I .00977 | Q1355 | .02441 1 04139 | 06243 ! 41821 t 18143
ERBGR; NORMAL [ °.0011S 1 ,00023 1 00099 | .00475 | .00337 | 01430 1 ,01R88
——t + : + r - +
ERROR; NORM. W/CC 17.00270 17.00249 17.00198 1 .00043 | ,00222 | .00338 { ,00710
I « . 1 : . 1
EREQR: T DIST I .00399 { ,00%542 | .00825 | .008635 | .00661 | .Q0861 | ,0Q0831
L2ROR; T W(CC I 00243 | .00243 | .00132 i .00454 17,00052 1°.00376 1 °.00574
= + + + —— +— +
ERROR: AVE /2 1 .00142 | ,00267 1 .0Q312 1 00574 1 00743 | .D407S | .01234
SRROR; AUE TC/2C 1T.00040 © 00012 1°.00008 | .00097 i 30083 | ,J009L i .30070
-l J 1 i L L A
3. Hypnothesis Testing
P-values are cemputed for three basic
hypotheses comparing the median of the population or
the median of the population of differences M with a

hypothesized median Mg as shown below.

a. One-sided Tests

(1) HO: M = Mg Versus H1: M < Mp. The
P-value equals Pr[W < w], where w is the computed
value of the test statistic W.

(2) HO: M = Mg Versus H1: M > Mg. The
P-value equals Priw > w].

B. Two-sided Tes=z

(1) HO: M = Mg Versus H1: M # Mp. The

P-value equals twice the smaller value of a(1) or

a(2), but not exceeding the value one.
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For sample sizes greater than 9, an average
of the normal and student's T approximations, each with
continuity correction, is used. Computations of the P-
value for each of the alternative hypotheses are:

a. Hi1: " < Mp

Let Pzc = Pr[ Z < (w +.5 - uy)/ owl] and

let Ppc = Pr| T(N-1) £ _ lw - dw| - .5

Now2 [Iw - uyl - .512|:3
N - 1

where Z 1s standard normal, T(N-1) has a student’s T
distribution with (N-1) degrees of freedom, uy =
N(N+1)/4 and 0,2 = (N(N+1)(2N+1)/24)). Then, the
P-value for the test is (Pgc + (1 - Ppc))/2 if w 1is
less than u4y and (Pzc + Ppc)/2, otherwise. The above
formulas are obtained from those given by Iman [Ref. 4]
after inclusion of a continuity correction.
b. H1: M > Mp

The P-value equals ((1 - Pgg) + Ppc)/2 if

w 1s 1less than #y and ((1 - Pgzc) + (1 - Ppc))/2,
otherwise. The computation of Pgzc and Ppg is similar
~0 “he above except the sign of <+he scnTinui=T

sorrection 1s changed.
c. Hi: M # Mp
The P-value equals twice the smaller

value of a or b above, but not exceeding the value one.
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4. Confidence Interval Estimation

For single-sample data, the confidence
interval for the population median is based on the
ordered averages of all pairs of observations (Xi+
Xy)/2 such that 1 < J. A 100(1- a)® confidence
interval is determined in the following manner. Let w
be the number such that Pr(W < w] < (a/2). Tren, the
(w+1)th and (m-w)th order statistics, where m =
N(N+1)/2 or the total number of paired-averages,
constitute the end points of the confidence 1intervai.
A confidence 1interval for paired-sample data is
computed in the same manner, except the end points are
taken from the paired-averages of the differences Xj-
Yi. Gibbons [Ref. 1:pp. 114-118].

For computing confidence 1intervals when
sample sizes are greater than 9, a normal approximation

with continuity correction is used.
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V.TESTS BASED ON TwWO OR MORE SAMPLES

The tests assume that the data consists or
independent random samples from two or more continuocus
distributions. The general null hypothesis 1s that the
samples are drawn from identical populations. The

Mann-Whitney and Kruskal-Wallis tests are considered.

A. MANN-YHITNEY TEST

The Mann-#hitney test i1s based on the distribution

of +the test statistic U, which can be used to compare
the equality of %the population medians or varlances
for two samples.’ The Mann-whitney test with a
modified ranking scheme can be used to test for
equality of variances 1if the population means or
medians are assumed to be equal (Conover [Ref. 5:pp.
229-230]). If the medians differ by a known amount, the
data can be adjusted before applying the test. A
confidence interval for the difference in the medians
of the two populations can also be estimated.

1. Computation of the Test Statistic

¥or =-he compar.scn >f popula%tion mecians. =-ae

test statistic U is computed from the combined ordered

'The test statistic U and the method wused to
compute it are taken from Gibbons [Ref. 1:pp. 140-141].

?]
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'arrangement of observations X; and Y5,
j =

ordered

1,2,...,M. Let rji = rank(Xy) in

N

Z ri. Then,
i=1

the combined

sample and Ry =

U = Ry - M(M+1)/2.

For testing the equality of

variances, the

computation of U is similar except for the method of

assigning ranks to the ordered sample. This method

ranks the smallest value 1, largest value 2, second

largest value 3, second smallest value 4, and so on ,

by two's, until +the middle of the combined ordered
sample is reached. For either test, tied ranks for the
combined sample are cssigned the average value of the
ranks involved. A moderate number of ties has little

effect on the test results

2. The Null and Asymptotic Distribution of U

The exact null distribution of U is

determined using a recursion algorithm due to Harding

[Ref. 6].

Exact C.D.F. values were compared with

approximate values obtained from the following

asymtotic distributions: student’'s T with (n-2) degrees

cr Ifreedom where n = N + M, the total number o1

observations 1in both samples (T), student’s T with

continuity correction (TC), normal (Z), normal with

continuity correction (ZC), the average of T and 2
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(Iman [Ref. 7]), and the average of TC and ZC. The

results for various sample sizes are given in Table 3.

TABLE 3. C.D.F. COMPARISONS FCR THE MANN-WHITNEY
TEST

PROBCU ¢ uls TQR SAMPLE SIZES N EQUAL 70 9 AND M ZQUAL TC 3.

TEST STAT. VALUE | ¢4 1 17 '+ 18 | 2¢ + 23 + 27 + 29

2XACT C.D.T. | .00933 | 01399 | 02315 | 04635 | 06736 1 .12904 | 17038

ER20R; NOEMAL =.00028 i 00100 | 00183 | 00444 | ,00632 | .01243 | .01544
+ + — - - : —

ERROR; NORM. W/CC 17.00146 17.00444 17°,00033 | ,00026 | .00430 1 .00354 | .00436

IRR08; T JI3T | 00237 1 .30337 | .30372 | .00454 | .00525 | .00678 | .007T3

E2ROR; T W/CC | 00149 | .00108 | .00035 | .00007 1°.00073 |-.00253 |~.003283
. It ' ' I ' ¢

£2202; AVE T/Z | .00105 | .00243 | .00270 | .00453 | .00603 | .00353 | .0114S

E2202; AVE TC/TC 17,0004 1°.00003 | .00004 | .00047 | .00025 | .00048 | .000S4

{ {

PROBLU ¢ ul; FOR SAMPLE SIZES N EQUAL TO 7 AND M EQUAL TO 12.

TEST STAT. VALUE | 44 | t7 | 49 | 21 |1 24 | 27 | 30
& : = -, — - 1,

EXACT C.D.F. I .00833 | .04732 1 .02732 | .04158 | .07141 [ .11342 { .17012
z —t : +— z '

ERRO2; NORMAL 17.00045 | ,00062 | ,00487 | .00353 | .00701 | .01097 | .01437
L L 1 i L 1

ERROR; NORM. W/CC 1°,00452 17°.00123 {7,00073 1°,00003 | .00154 | .00322 | ,00433
L 1 L 1 i L L

ERROR; T DIST I .00199 | .00292 | .00356 | ,00422 | .00S27 | .00843 | .00798
: & ,L z — + -

ERROR; T W/CC I 00094 | .00092 | .00083 | ,00026 |°.00065 |°.00478 [7.00282
1 ) ! | . L L

E220R; AVEI /2 PLO007T 1 L004TT 1 00272 1 L0033 1 00614 1 L008TD 1 21142

TAR0R: SUE TIUOTT O TLI0023 0 TL20048 5 TL 0005 L 00ts o L oau04s L L O0UTE RVIVER
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TABLE 3.

?ROBLU £ ul; 792

SAMPLI 3iZ

(Continued)

23 M IQUAL 70 S AND M ZIQUAL TO 17,

TIST STAT. WALUE | 43 1 46 1 43 | 20 i 23 1 27 | 30

IXACT C.D.7 | 00965 | L1233 | .02916 | .04245 i .07013 | .i2440 | .i7T93S

2202; NORMAL i =.00077 | 00039 | .00L70 | .00349 | .00633 | .0120 | .01%6+
N I ] ! H ! 1

IR20R: NORM. WCC 1700130 17.00150 :7.00037 ! .00007 : 30133 : 00444 i 20573

12202: T )3T {30130 1 .20232 ! .00299 | 00330 | L0544 ¢ .007T4 ! .003%%
—+ ; . ; i —— ;

IRROR; T Wee | .00017 1 .00023 | .00023 | .00024 | .00007 |°.00025 |-.0005¢

£220R: AVE T/ 0 L00027 | .30130 ¢ .2023% L0383 ¢ 30615 1 .00992 | .I1260

I2202: AUE TAOTS 0 C.00088 1T.30083 :T.00032 ¢ L0014 . L0037 © .0020% { .J0254
] L 1 ! d

220BCU ¢ ul; FOR SAMPLI 3iZI5 N IQUAL TO 3 AND M ZGUAL TO 27.
TESTSTAT. VALY | 7 1 10 | 12 1 4S 1 13 1 23 1 28

IXACT C.D.F. | 00764 | ,01650 | .02512 | .04235 | .07734 | .12660 | .17433
+ ; , ; ; — }

ERROR; NORMAL 1=,00265 1°,00099 | .00072 | ,0033% | .00874 | .01342 | .01630
1 1 1 ! 1 ] ]

IREOR: NORM. W/CC |~.00363 {-,00254 [-.00133 { .00089 { .00405 [ .00665 | .00831
i 1 1 1 1 1 1

ERROR; T DIST 1°.00124 | .00031 | .00473 | .00414 | .00741 | 01026 | .01253
. } -+ } 4 — ;

IRROR; T WCC 1°.00249 1°,00429 1°,00042 | .00097 | .00250 | ,00323 | .00330
- - —+ - + — —

E2R0R; AVE T/Z  1°.00193 1°.00034 | 00122 | .00402 | .00808 | .01184 | .01466
- — + ; ; — :

£RROR; AVE TC/ZC 1°.00294 17.00432 1°.00087 | .00093 | .00327 | .00496 | .00610
. 1 1 H 1 1 L

As can Ye szeen Trzm *he “abl=as., tae  aAverage

o 2T and TC gives the most consistantly accurate

results. For sample sizes NxM > 80, nearly three

decimal place accuracy is obtained in all cases.
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3. Hypothesis Testing

P-values are computed for three basic
hypotheses comparing the medians or variances of the
two populations as shown below.

a. One-sided Tests

(1) He: My = My Versus H1: My < My or

H0: Vyx = Vy Versus H1: Vy > Vy. The P-value equals
Pr{U < ul, where u is the observed value of the test
statistic.

(2) H@: My = My Versus H1: My >

Versus H1: Vy < Vy. The P-value

Two-sided Test
(1) H@: My = My Versus H1: My # My or
H@: Vy = Vy Versus Hl: Vyxy # Vy. The P-value equals
twice the smaller value of a(1) or a(2), but not
exceeding the value one.
For sample sizes NxM greater than 80, the
average of the normal and student's T approximations,
each with continuity correction, is used. Computations

of the P-value for each alternative hypothesis are:
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GG

T

A
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a. Hl: My < My or Vy > Vy

Let Pgc = Pr[ 2 < (u +.5 - uy)/ oyl and

let Ppc = Pr | T(pn-2) £ . R
(N+M-1) 02 [lu-uyl-.512 |2
N+M=2 - N+M-2

where Z is standard normal, T(pn-2) has a student’'s T
distribution with (n-2) degrees of freedom, 4y = NxM/2
and 0432 = (N(M)(N+M+1))/12. Then the P-value for the
test is (Pge + (1 = Pmpc))/2 for u 1less than 4y and
(Pzc + Ppg)/2, otherwise. The above formulas are
obtained from those given by Iman [Ref. 7] after
inclusion of the continuity correction.
b. H1: My > My or Vy < Vy
The P-value equals ((1 - Pgc) + Ppg)/2 1if
u 1is less than gy and ((1 - Pzg) + (1 - Ppe))/2,
otherwise. The computation of Pzc and Ppe is similar
to the above except the sign of the continuity
correction is changed.
c. H1: My # My or Vy # Vy
The P-value equals twice the smaller
value of a or b above, but not exceeding the value one.

4. Conrfidence in%tsrval

113

stimation

Confidence 1intervals for the difference 1in
medians, (My - Myx), are based on the ordered

arrangement of the differences (Yj- Xi), J = 1,2,...,M;
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i = 1,2,...,N for all 1 and j. A 100(1- @)%

confidence 1interval 1is determined in the following

manner. Let u be the number such that Pr(U < u] <
(a /2). Then, the (u+1)th and (m-u)th order
statistics, where m = NxM or the total number of

possible differences, constitute the end points of the

confidence interval. f
For computing confidence intervals when

sample sizes NxM are greater than 80, a normal

approximation with continuity correction is used.

B. KRUSKAL-WALLIS TEST |

The Kruskal-Wallis test is a nonparametric analog
of the one-way classification analysis of variance test
for equality of several population medians. Gibbons ;
[Ref. t:pp. .99].

1. Computation of the Test Statistic .

Calculations of the test statistic H center 2
around the ordered arrangement of the combined samples
from which the sum of ranks for each sample is derived.
Let X313, J=1,2,...,ny{ and 1=1,2,...,k,. be independent 2

random samples from k populations. Let r{y = rank(xij),

nj X
Ri = Zlf'ijv and N = 3 nj. Then,
J=1 i=1

k : [,
H = (12/(N(N+1))=121(R12/n1) - 3(N+1) \
= \]
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i ' If ties occur in the combined sample, they
are resolved by assigning the average value of the
ranks 1involved. A correction based on the number of

N observations tied at a given rank and the number of

4 ranks involved, 1is included in the calculations. A

. complete description of the correction factor is given

o in Gibbons [Ref. 2:pp. 178-179].

) 2. The Null and Asymptotic distribution of H

The null distribution of H is generated by

& enumeration. Each possible permutation of ranks |is
% listed for the combined sample, and the corresponding H
value computed. The frequency distribution of H is the

total number of occurrences of each distinct H wvalue.

x" ’

$ The H values are arranged in increasing order while
y maintaining the frequency pairings. The null
oY

; distribution 1is obtained by dividing the cumulative
3 .'

k)

) frequencies by ni'not...nk!/N!.

‘ Due to computer limitations, generation of
3 the exact distribution of H was only possible for k = 3
& populations with n = 4 observations in each, and 4
R populations with 3 observations in each. Most of the
. distributions were generated on the mainframe computer

’ and saved in matrices for quick recall by the Kruskal-

2 Wallis test program.

K)

f Exact C.D.F. values were compared with the

4%

3 ’ corresponding approximate values using the following

‘A

L)
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distributions: chi-square with (k-1) degrees of freedom
(C), F distribution with (k-1) and (N-k) degrees of
freedom (F), and F with (k-H) and (N-k-1) degrees of
freedom (F1). The chi-square distribution uses the

Kruskal-wWallis H statistic, while the F and F1

distributions use a modified H statistic, H1
((N-x)H)/(k=-1)((N-1)-H); see Iman and Davenport [Ref.
8]. As can be seen in Table 4, F1 gives the most

consistently accurate estimates.

TABLE 4. C.D.F. COMPARISONS FOR THE XRUSKAL-
WALLIS TEST

PROB(Y 2hl: FOR 1 GROUP JP 13 LES CONSISTING JF 4+, 4, AIND 3 7JBS.
T Rl PO RE MM IELET ML TR
Zic g0z 171008701 1a3a68 | 5aaei | Lauaes [ La7as0 [ .iddie [ i77ee
ERROR; CAISGUARE [”.018u0 [7.31se2 |7.01%05 [7,01220 17,0018% | .a07ue | 01281
ERROR; ¥ DIST____| .0030u | 00736 | .00d3e | 01113 [ 01820 | .01636 | ,00330
zRRoR;  w/-1DF 100084 [ .00426 T :00ua3 [ 005w [ .01138 [ .00835 | 00172

PROBCH 2hl: POR A GROUP OF 3 SAMPLES CONSIS!'ING OF 4, 4, AND w4 08S.

TEST_STAT. VALUE | '7.8538 | 6.3615 | 6.5000_ '-2-5222-1-2-2535-1-2-2592-1-3-2252

Exacr c.0.r. .. [_.00762 | .01939 | .02996 | .04866 | .08000 | .12190 | .17239

ERROR; CHISQUARE |-.01416 |-.01139 |~.00882 |~.00941 [-.00368 | .0036i | .00577

ERROR; F_ DIsr l_.oozso { .00839 | .0120u l .01100 | .01272 L .01225 l .00263
| I

AT Ty
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A final accuracy comparison between the C and F1

approximations was conducted by computer simulation for
S5 populations with 8 observations each. Initially,
30,200 permutations of the 40 ranks were randomly
&enerated (no tie ranks allowed) and the H statistic
calculated for each permutation. Then the empirically
determined percentiles Hp for selected values of »p
between .01 and .18 were compared with the

approximations given by the C and F1 distributions.

The results are shown in Table 5. It can be seen that

the F1 approximation compares well with the simulated
results, giving three decimal place accuracy. while

the C approximation is less accurate.

TABLE S. C.D.F. COMPARISONS FOR THE KRUSKAL-
WALLIS TEST USING COMPUTER SIMULATION

PROB(E 2 hl: BASED oN 10000 GZNEBATED B'S FOR S SAMPLES OF 8 0BS. BAcH.

TEST STAT. VALUE | 12 229 | 11 065 | 10. 2&8 | 9.212 | 8.129 | 7. 030 | 6.232

- eccasweca=ew e S N S R B N Y- TPy A Pt pocccan-

+
C D. F. VALUE | .01000 | .02000 | .03000 | .05000 l .08000 | .13000 | .18000

-4 + += + -
!RROR' CHISQUARZ |1=.005873 I'.OOSBM l'.ooaua ]7.00601 |~.00696 |~.00u432 |~ .002u6

................. ceccncccproncccane --------T---- ccedemccccccdeccacencdocncaan

BRROR; r w/°1 DF | -00081 | .00231 | .00259 -00350 | .00161 | .00109 |~.00103

PROBCH 2 h)l: BASED ON 20000 GENERATED E'S FOR 8 SAMPLES OF 8 08S. EACH.

| |
----------------------- b S u DAY Sin e e P PHGulpiu i AP PR gt
c.D. !. VALUE l .01000 l .02000 l .03000 l .05000 l .08000 l .13000 l .18000
ERROR; CHISQUARE i .005186 l .00596 l .007us [T.00716 i .00696 L .00u13 L-.0033u
----------------------------------------- P P T T R R T R T R R R el
ZRROR: 7 #4/71% 3? j 20126 | 90221 | .0C1g8 ! 302358 | 00161 | .20130 '7.00189

PRCBCF 2 17; 3ASED IN 0000 ZENERATED 3'S FOR 5 SAMPLZS JF 3 JBS. ZAC3.

B I kL L L L L R R R R Y X

-------- R LT LR T -*--------*--—-- "L-"""'*““'"“l---““-#-""-'
C D.F. VALUE | .0100 l .02000 L .03000 | .05000 L .08000 L .13000 l .18000
..................................... | 105000 | .08000 | 13000 | .18000
tBROR- CHISQUARE I'.00522 l 00684 l .00802 |T.00677 l‘.oosea l'.00213 l‘.ooozo
----------------------- LR EEE TR L Y L ELEEEEE DAL Al XL LEE LA S Sadai X R
tRROR; F H/ 1 D0F | .00121 | .oc1u3 | .00111 | .00273 { .00301 | .003uu | .001u42
33
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3. Hypothesis Testing

P-values for the test H@: the population
medians are all equal versus H1: at least two
population medians are not equal, are c¢omputed as: -
Pr[H > h], where h is the value of the observed test
statistic.

For three or more populations with at least 4

observations in each, the F1 approximation is used.
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VI.TESTS FOR ASSOCIATION IN PAIRED-SAMPLES -

:

The tests described herein assume that the data "

consists of independent pairs of observations (Xi,Yi) i

from a bivariate distribution. The general null %

hypothesis 1is that of no association between X and Y. i

Kendall’s B and Spearman’s R are considered. ﬁ

A. ZINDALL’'S B é.

! Computation of the Test Statistic )

The test statistic is computed by comparing 2

each observation (Xi.Yj) with all other observations ) ?

(XJ,YJ) in the sample. If the changes in X and Y are {

of the same sign, sgn(Xj - Xj) = sgn(YJ - Yi), the pair -

(Xi,Y3) and (Xj,Y¥j) is "concordant" and a +1 1s scored. <
If the signs are different, the pair is "discordant"

and a -1 is scored. Any ties between either the X's or =

the Y’'s scores a zero for that pair. The sum of all g

scores divided by the total number of distinguishable ?

pairs, (N(N-1))/2, gives B. If zerecs ére scored, the ?

denominator 1is reduced by a correction factor which is 3

Jased on the aumober of >Soservations %iad at a Ziven ;3

rank and the number of ranks involved in each of the X 3

and Y samples. A complete description of the E

correction for ties is given in Gibbons [Ref. 2:pp. E

o

)
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289]. The value of B ranges between 1, indicating
perfect concordance, and -1, for perfect discordance.

Gibbons [Ref. 1:pp. 209-225].

2. The Null and Asymptotic Distribution of B

The null distribution of B is derived from
the following recursive formula given in Gibbons [Ref.

1:pp.216].

u(N+1,P) = u(N,P) + u(N,P-1) + u(N,P-2) + ...+ u(N,P-N)
where u(N,P) denotes the number of P concordant
pairings of N ranks. This formula is used to generate

the frequency with which the possible values of P
occur. Division by N! results in the probability
distribution of P. Since, B = (4P/(N(N-1)))-1, the
null distribution of B is easily determined.

Exact C.D.F. values were compared with those
obtained using a normal approximation, with and without
a continuity correction factor (CC = 6/N(N2-1), pro-
posed by Pittman [Ref. 11] for the Spearman’s R tesf).
The results for various sample sizes are provided 1in
Table 6. As can be seen, for sample sizes greater than
13, a mnormal approximation with zcontinuity zorrection

provides three decimal place accuracy.
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TABLE 6. C.D.F. COMPARISONS FOR KENDALL'S 3

PROB(3 2 bl; FOR SAMPLE SIZZ EQUAL TO 43.

TEST STAT. WALUE | 0.35128 | 0.4615 1 0.4403 1 0,359Q | 90,3333 [ 9.2564 | 0.2308

XACT C.0.F. | .00743 | .01524

=)

32383 | .04993 i Q6443 1 ,42833 0 L13309

.00014

ERROR; NORMAL 00124 | .00313 | .00629

4+ — - - -

00803 | .01473 | .01703

g — -

[
?
IR20R; HOBM. W/CCT 17.00013 |
L —

.00073

.00239 | 00437 1 .008Z3 1 L1223 ¢ .0%4:iS

PROBLB 2 bl; FOR SAMPLE SIZE EQUAL TO 14.

T T T T L
!

TEST STAT. VALUE | 0.472Z 1 0.4236 1 0.4086 | 0.3626

(L2

XRCT CLOLF. I .90964 1 34773 1 .023T3 1 L033T3 4 0735 0 118355 1 L5834l

ER20R: NCRMAL i .Q0035 1 .00140 1 00243 1 , 00434 | ,00833 ! .012S5 | .01isl7

ER30R: NORM. W/CC [ ,00008 | ,3303S ¢ .J3C132 ! .00348 1 .00742 { ,JL3S7 ¢ ,2137L

.r~r~r.¢ " Tl
. » ol

3. Hypothesis Testing

P-values for tests of no association between
X and Y are computed for three types of alternative
hypotheses. Because the distribution of B is symmetric,
all probabilities can be taken from the upper tail
using the absolute value of b, the observed value of
the test statistic. Linear interpolation is used when
b 1lies Dbetween tabulated values. The P-values are
secmrutad as SCilows.
a. One-Sided Alternatives
The one-sided alternative tested depends

on the sign of b. A positive b will automatically test

37
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for direct association or concordance, while a negative
b will test for indirect association or discordance.
The P-value equals Pr[B > |b]].

b. Two-Sided Alternative

The P-value equals twice the probability

computed for the one-sided hypothesis.

For sample sizes greater than 12, a normal
approximation with continuity correction is used. The

approximate P-values are then:

1 - ?Pr{ 2 < ((|b|] - CC) - Uyp)/ 0n]l, where 2
is standard normal, CC 1is the continuity correction.
Uy = 0, and sz = (4N + 19)/9N(N-1), for the one-

sided test and twice this P-value for the two-sided

test.

B. SPEARMAN’S R

The Spearman’s R Test requires the added
assumption that the underlying bivariate distribution
is continuous. The test measures the degree of
correspondence between rankings, 1instead of the actual
variate values, and can be used as a measure of
association between X and Y. Gibbons [Ref. 1:pp. 226].

(]

Jomputation 2 she Ta2st 3Statisticz

The test statistic R is computed 1in the
following manner. Let ri = rank(X3) and sj = rank(Yj)

and Dy = ry - si. Then,
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J34 = 1 - i=1
N(N2 =" 1)
where N is tne size of the sample. If ties occur in X
or Y, they are resolved by assigning the average value
of the ranks invelved. A correcticn factor, based on

tae anumber 2f observations =ied at a ziven ~ank and =he
number of ranks involved, is included in the
calculatsicns. A complete description 27 the
sorrecsion factor is given in Gibbens [Ref. 2:pp. 279].
The value of R ranges between 1, indicating perfect
direcs associaticn, and -°, for perfrsct indi
association. Gibbons [Ref. 1:pp. 226-235].

2. The Null and Asymptotic Distribution of R

The null distribution of R for a given sample
size N 1is generated by enumeration. The method, as
presented in Kendall [Ref. 9], involves generation of
an N by N array of all possible squared differences
between any two paired ranks of X and Y. All N!
permutations of N ranks are used to index values from
the array. The sum of these indexed values for each

lJermutation zives rcLse -o M' o sum 31T sguared iiffarences

which are then converted to +the R statistic. T

o3

e
frequency distribution of R is the total number of

occurrences of each distinct value of R divided by N'.
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Due to mainframe computer memory limitations
in the APL environment, generation of the distribution
of R was limited to sample sizes of 7 or less.! Using
tables, provided by Gibbons [Ref. 2:pp. 417-418] +to
supplement computer computations, a numerical matrix,
called PMATSP, was created to store the cumulative
distributions of R for sample sizes less than 1%'. This :
matrix allows for quick recall of cumulative
probabilities by the Spearman’s R Test program.

Exact C.D.F. values were compared with those !

obtained wusing a student’s T approximation with (N-2) ]

degrees of freedom (see Glasser and Winter [Ref. 121),
and a normal approximation. Both normal and T
approximations were computed with and without a

continutity correction factor, CC = 6/N(N2-1) (Pittman
[(Ref. 11]). From the results presented in Table 7, the y
most consistently accurate approximation is given by
the T distribution with a correction. N

3. Hypothesis Testing

P-values for tests of no association between
X and Y can be computed for three types of alternative
hypotheses. Because *he distribution of R is symmetric,.

all probabilities are taken from the upper tail using

1The memory capacity of the mainframe computer in
the APL environment is limited to 2.5 megabytes. !
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TABLE 7. C.D.F. COMPARISONS FOR SPEARMAN'S R

PROBL2 2 r1; FOR SAMPLE 51T EQUAL TO0 9.

TEST STAT. VALUE 1 0.7333 | 0.7167 | 0.6657 | 0.6000 | 0.5333 | 0.4333 | 0.3500

IXACT 2.D.F. | 20361 | .01343 | .02944 | 04340 | .0TIT6 i .12436 ! .17329

£220; NORMAL [ -.0047S 1°.002%0 1°.00022 | .003%6 | .0080S ! .01479 | .01342
. . . ' ; , N

£2R02: MOBM. WCC |°.00553 17.00413 17,0035 | 00123 | .00433 | .01029 | .0123

ERROZ; T OIST 1 .00235 | .00352 1 0045t | .004%3 { .00415 | 00234 | .00138

ERR0B; T WCC | 00153 | .00208 | 00251 | 00175 | .00042 |°.00212 |-,00473
- . . . 1 . :

720302 L »I: FOR 3AMPLZ 3IZI ICUAL TO 0.

TEST STAT. VALUE | 0.7435 1 0.6727 | 9.8364 | 0.5638 1 0.4209 | 0.406% | 0.3333

IXACT 2.3.7. {00370 | L0L743 | 02722 | .04314 | .0774L 1 L12374 § L17437

12202: NOEMAL 1°.50296 1°.30230 1°.00024 | .2027¢ | .00700 ! .21245 | L0157

IRROR; NORM. W/CC |°,00457 1°.00327 1 °.00210 | .00095 | .00454 | .00867 | .01128
z z % % + —

[R2GR; T DIST | .00204 | .00296 | .00326 | .00323 | 00253 | .0015% | .00107
! 1 b 1 | 1 |

IRROR; T WCC | 00144 | .00435 | .00134 | .00114 1°.00035 |-.00230 |-.00364
1 N (B . 1 1 .

the absolute value of r, the observed value of the test
statistic. The P-valueé are computed as follows.
a. One-Sided Alternatives

The one-sided alternative tested depends

on  the sizgzn »f r. A pesitive r will +est for Adirec+
assocrazion, w#ni.2 negative 1 tests for .adirecs:

association. The P-value equals Pr[R > |r|].
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b. Two-Sided Alternative
The P-value equals twice the probability
computed for the one-sided hypothesis.

For sample sizes greater than 19, an
approximation based on the student’'s T distribution
with (N-2) degrees of freedom and continuity
correction, is used. The P-values are:

1 - Pr[ T(n-2) ¢ ((|r] = CC) - up)/ op], \
where T(N-2) denotes the T distnibution with (N-2)
degrees of freedomnm, CC is the continuity correction,

Ur = @, and 002 = (1 -(|r|-cCc)2)/(N-2), for the one- :
sided test,, and twice this P-value for the two-sided

test. Gibbons [Ref. 1:pp. 218]. .
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VII.NONPARAMETRIC SIMPLE LINEAR REGRESSION'

Nonparametric Linear Regression assumes that the
X ) data consists of independent pairs of observations from
a bivariate distribution and that the regression of Y
on X 1is linear. The program estimates linear
v regression parameters based on the data samples. It

then allows the user to input X values to predict the Y

2 values. Hypothesis testing and confidence interval
3 estimation for the slope of the regression equation is
' offered. If the estimated slope lies outside the
;' confidence interval, an alternate regression equation
§ | is offered with an opportunity to input X values to
@ predict the corresponding Y vélues.

g

J A. COMPUTATION OF THE ESTIMATED REGRESSION EQUATION

N The least squares method is used to estimate A and
-; B 1in the regression equation Y = A + BXjy + ej
'~ (i=1,2,...N), where ei (unobservable errors) are
” assumed to be independent and identically distributed.
A% A and B are computed from the following equations:

: TExcept for program design considerations, the
g information and concepts provided in the section are
\ paraphrased from Conover [Ref. 12:pp. 263-271].

d
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B = i= i=1 i=1

N 2
N X2 - (in !

i=1 i=1
\
N N '
2 Y¥i - B Xy
A = i=1 i=1 ]
N

B. HYPOTHESIS TESTING . L
P-values for testing hypotheses about the slope of
the regression equation are based on the Spearman's N

rank correlation coefficient R between the Xi and Uy =

¥y - BpXi, where Bgp is the hypothesized slope. The N
appropriate one-sided test of hypothesis, HO®: B = By - ;
versus H1: B < Bg or H1: B > Bg, 1is automatically &

chosen based on the sign of the computed test statistic
r (positive r tests, Hi1: B > Bp; negative r tests, H1:

B < Bp). The P-value 1is computed as: Pr[R > |r]|]. 1

P-values for two-sided tests, HO: B = Bpg versus H1: B ¢ )

Bp, are also presented. ¥
For sample sizes N greater than 10, P-values are *
approximated using a T distribution with (N-2) degrees E
of freedom and continui<y correction. f
o«

C. CONFIDENCE INTERVAL ESTIMATION
100(1- a )% confidence bounds for the slope ;
parameter B are determined as follows. The n possible .
44
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slopes, Sjj = (Yi-Y3)/(X1-Xj), are computed for all

pairs of data (Xi,Yj) and (Xj,Yj) such that 1 < j and "
Xi # Xy and rearranged in increasing order to give s(1)
< s(2) ¢« ... <s(n)., Let w be the (1- a/2) percentile
of the distribution of Kendall’s statistic with sample {

size n.! Let d be the largest integer less than or

equal to (n-w)/2 and u the smallest 1integer greater .
than or equal to (n+w)/2 + 1. Then S(d) and s(u) are
the desired 1lower and upper confidence bounds,

respectively.

Ay Ay 4y =0 X

For sample sizes larger than 13, a normal

approximation with continuity correction 1s used to
estimate the confidence intervals. ]

If the slope of the estimated regression equation
does not lie within the computed confidence interval, N
the program automatically calculates a new regression ?
equation where the slope 1s the median of the two-point ‘
slopes $Sjj and the intercept is the difference of the

medians of the X and Y samples, My- My.?

TKendall’s statistic is defined here as Ng - Ng, "
where Ne 1is the number of concordant pairs of
observations and N4 is the number of discordant pnairs.
Conover TREF. "2:op. 256].

27his procedure is recommended by Conover [REF.
12:pp. 256].

45 "

‘>

; ~ W) N, o ~
A0 e N N I A e R O b

P AT T J-.r
» 'y ! '

v

R O S I U L P ~ e
.'.(\.r_.__. SN P AT

\"',' ~

N - "'.-_l\:-
., 's '- *'-" v Lt

.
»




. o ac Brc %hC a . ¥a". Mt  Aa e’ ata’ b8 ot e
' W U o . J J '

VIII.AREAS FOR FURTHER WORK

To create a more versatile and powerful software
package, the NONPAR workspace could be expanded to
include some or all of the following nonparametric
tests: tests for randomness based on runs, Chisquare
and Kolmogorov-Smirnov(K-S) Goodness-of-fit tests,
Chisquare and K-S general two sample distribution
tests, Thisquar=e ztest for independence, and <=ne

Friedman test for association.
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D APPENDIX A

DOCUMENTATION FOR THE MICROCOMPUTER WORKSPACE

':l
s 1. * General Information

This appendix describes the organization and
! operation of the IBM-PC (or compatible) version of the
X workspace. Appendix C continues from where this
appendix leaves off, to walk the user through each test
by working practical examples.
. Before proceeding any further, the user should
refer to section II (Workspace Design Issues) for
Zeneral information about workspace requirements and
. assumptions regarding its use.

To get started, enter the APL environment in the

-,

Y usual manner and load the NONPAR workspace.

; 2. Workspace Menus

. This workspace 1s designed around +the use of
‘j menus. They guide the user through the selection
g process of choosing a nonparametric test and a test
o option. Three types of menus are used; the main menu,
% test menus, and help menus.

% a. The Main Menu

; Within moments of 1loading the NONPAR
3‘ workspace, the main menu will appear. It 1is titled
E‘ Nonparametric Statistical Tests. This menu presents
P
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general 1information about the workspace. Its primary
purpose 1s to list the choices of nonparametric tests
avalilable and provide an option which allows the user
to exit the main menu into APL to copy data into the
workspace or return to DOS. Each test choice is listed
with some information about the test’s area of
application. To make a selection from the menu, move
the cursor (using the cursor keys) to highlight the
desired choice, and press enter. As a reminder to the
user, a footnote at the bottom of the screen describes
the procedure for entering a choice. Once a test has
been selected from the main menu, a sub-menu
appropriate to the test appears. To exit from any menu
back to the main menu, press the Escape key.
b. Test Menus

The title of the test menu is the name of the
nonparametric test chosen. The text portion of the
menu gives a general overview of the test, to include,
the method used to compute the test statistic, and a
description of the various options that may be
exercised. The third section consists of the 1list of
test opticns available. These options include
returning to the main menu or choosing the help menu.
Test menus may have options 1listed 1in single or
multiple-paged formats. The comment in the final block

of +the menu lets the user know if a certain menu 1is

50
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multiple-paged or not. To make a selection from a

multiple-paged menu, use the page-up or page-down key
to locate the desired option. Proceed with the scroll
keys to highlight the choice, and press enter. Once a
test option is entered, the user 1is prompted to input
the data required to run the test. When the option for
more information 1s selected, the help menu is
displayed.
c. Help Menus

The title of the help menu usually begins
with the words "More Information About..." followed by
the title of the nonparametric test. The text portion
of the menu explains the test and its options in
greater detail. No choices are offered in the menu.

To return to the test menu, press any key.
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APPENDIX B

o«

DOCUMENTATION FOR THE MAINFRAME COMPUTER WORKSPACE

1. General Information

o g R

This appendix describes the organization and
operation of the mainframe computer workspace. To load

a copy of the NONPAR workspace from the APL library, -d

enter the APL environment and type: JLOAD 9 NONPAR.

Within a few moments the variables LIST and DESCRIBE

are displayed on the screen. These variables provide a ;
description of the workspace. N
2. The NONPAR Workspace 5

The NONPAR workspace consists of seven E
programs which call several subprograms during their . Wy
execution. The exact syntax for each test and its t
corresponding nonparametric test name is given in the 3

following format: :
SYNTAX: Nonparametric Test and Application.

a. SIGN: Ordinary Sign Test for Location in Single ;
and Palred-sample Data.

b. WILCOX: Wilcoxon Signed-rank Test for Location

in Single and Paired-sample Data. ?
c. MANNWHIT: Mann-whictney Test for Equal Medians or 3
Variances in Two Independent Samples. v
d. KRUSKAL: Kruskal-wallis Test for Equal Medians in 3

K Independent Samples.
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e. KENDALL: Kendall's B; Measure of Association for
Paired-sample Data.

. SPEARMAN: Spearman’'s R; Measure of Association
Between Rankings of Paired Data.

g. NPSLR: Nonparametric Simple Linear Regression;
Least Squares.

The 1list presented above can be displayed at any
time by typing: LIST.
cr =ach test D2rogram, there =2xis<ts a HI0W variable

that gives a full description of the test and the

various options that may bde exercised. To displiay any
of the HOW wvariables, Jjust enter tne test program’s

name with the suffix HOW appended (i.=. SIGNHOW).
A ftest 1is run Dy =2ntering *the program’'s name. The

RS

user 1s immediately prompted to input daca.

tx]

nter
numerical data separated by spaces or as a variable to
which the numbers have been previously assigned.
Several of the tests require a considerable amount of

prompting before all the necessary data has been

entered.
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APPENDIX C

WORKSPACE FAMILIARIZATION THROUGH PRACTICAL EXAMPLES

1. General Information
Thié appendix applies to both the mainframe and
microcomputer workspaces. Its purpose is to acquaint
the user with the organization of the programs and the
type of prompts to be expected.
Extensive error checking has been included in the A

programs to ensure that the data is of the proper form.

Should a program become suspended, clear the state
indicator by entering: JRESET, check over the data for

errors, and restart the program. 330 kilobytes of

computer memory are needed to load APL and the NONPAR
workspace; to avoid filling up the remaining workspace
area, the user should minimize data storage in the
NONPAR workspace. To exit a program at any time, press
the Control and Escape keys, simultaneously. -

2. Practical Examples

a. Sign Test

{1) Description of Prnoblem 1. A Sinclair mine

1s manurfactured to have a median expliosive weight or )
not 1less than 16 ounces. The explosive weights of 15 oo

mines, randomly selected from the production line, were

-

Ry
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recorded as follows: 16.2 15.7 15.9 15.8 15.9 16 16.1

15.8 15.9 16 16.1 15.7 15.8 15.9 15.8.

-
)

(a) Is the manufacturing process packing

§ : enough explosives in the mines?

§ (b) What range of values can be expected
r for_ the median of the explosive weights 90% of the
{: time.

r- (2) Solution. To see 1f the manufacturing
t process 1s meeting the specifications, we test the
t aypothesis Ho: M = 16 versus H1: M ¢ i6.

e, (3) Workspace Decision Process.

;\ (a) Microcomputer: Choose the Sign Test
.; from the main menu, and the option, Single Sampie;
m | Test HO: M = Mo versus H1: M < Mo, from the test menu.
. Skip to the Program Interaction section below.

7 (b) Mainframe: Enter SIGN at the keyboard
:f and receive the prompt:

; DID YOU ENTER THIS PROGRAM FOR THE SOLE
E PURPOSE OF GENERATING CONFIDENCE INTERVALS FOR A
x SPECIFIED SAMPLE SIZE AND QUANTILE? (Y/N).

x Enter N (If Y is entered, the user will
E g0 directly to this last option of the test). The nex*
;: prompt i3:

; THE NULL HYPOTHESIS STATES - THE
ﬁ POPULATION MEDIAN (M) IS EQUAL TO THE HYPOTHESIZED
$ MEDIAN (Mo); HO@: M = Mo. WHICH ALTERNATIVE DO YOU WISH
4

‘:: : 55

i

,'.“‘ A OO M), N S Y e R '_..:_.\-,.,_-_;.-\‘._"‘_‘.-\.-\'-\. MR




L R . ei2 ae tab %28 €ad Sad bid 'ad L TR T T T W I I O T I gt ' g’ ¥at Ba’' 0t 8y’ 8eT 0t ¢
3 5 _ .

TO TEST? ENTER: 1 FOR H1: M < Mo; 2 FOR H1: M > Mo;
3 FOR H1: M # Mo.
Enter 1. The next prompt is:

ENTER: 1 FOR SINGLE-SAMPLE PROBLEM: 2

<

FOR PAIRED-SAMPLE PROBLEM.
Enter 1.

(4) Program Interaction. The prompt is:

ENTER THE DATA (MORE THAN TWO OBSERVATIONS
ARE REQUIRED).
Enter the data separated by spaces or as a

variable to which +the data has been previously

assigned. The next prompt is:
ENTER THE HYPOTHESIZED MEDIAN.
Enter 16. The following 1is dislayed.
COMPUTATIONS ARE BASED ON A SAMPLE SIZE OF:
13. |

THE TOTAL NUMBER OF POSTIVE SIGNS IS: 3.

-

THE P-VALUE FOR H@O: M = 16 Versus H1:
M < 16 IS: .0461. 5

Consider a significance 1level of .05.
Since the P-value of .0461 is less than .05, we reject
HB: M = 16 in favor of H1: M ¢ 16 and conclude that the
manuracturing process 1s not packing enough explosives
in the Sinclair mine. The next prompt is: . ]

WOULD YOU LIKE A CONFIDENCE INTERVAL FOR '
THE MEDIAN? (Y/N). -
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Enter Y (If N is entered, the progam asks
if confidence intervals for a quantile are desired).
The next prompt is:

ENTER THE DESIRED CONFIDENCE CCEFFICIENT;
FOR EXAMPLE: ENTER 95, FOR A 95% CONFIDENCE INTERVAL.

Enter 990. The following is displayed.

A 990% CONFIDENCE INTERVAL FOR THE MEDIAN OF
THE POPULATION IS: ( 15.8 < MEDIAN ¢ 16 ).

The next prompt is:

WOULD YOU LIKE CONFIDENCE INTERVALS FCR A
SPECIFIED QUANTILE? (Y/N).

To see the form of the results, we generate
confidence intervals for the 3@th quantile. Sample
size 1is automaticly set at the number of data points
entered eariler. Enter Y (If N 1is entered, the
mainframe program ends; or, the 8Sign test menu
reappears). The next prompt is:

ENTER DESIRED QUANTILE; FOR EXAMPLE: ENTER
20, FOR THE 29TH QUANTILE.

Enter 30. The following is displayed.

ORDER STATISTICS | COEFFICIENTS
3 8 i .823160
2 S : .943490
1 ] ‘ .39165600

##x#% THIS TABLE GIVES CONFIDENCE COEF-
FICIENTS FOR VARIOUS INTERVALS WITH ORDER STATISTICS AS
END POINTS FOR THE 30TH QUANTILE.
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The mainframe program ends. The menu-
driven microcomputer program pauses for input from the
keyboard by prompting:

PRESS ENTER WHEN READY.

Press Enter and the Sign test menu
reappears.

b. Wilcoxon Signed-rank Test

(1) Description of Problem 2. A special train-

ing program is being considered to replace the regular
training that Radio Telephone Operators receive. In
order to evaluate the effectiveness of the new training
program, proficiency tests were given during the third
week of regular training. Twenty-four trainees were
chosen at random and grouped into twelve pairs based on
proficiency test scores. One member of each pair
received specialized training while the other member
received regular training. Upon graduation, the
proficiency tests were given again with the following
results.

Specially Trained Group (X): 60 50 55 1
43 59 64 49 61 54 47 T0

Regularly Trained Group (Y): 49 46 60 53
49 37 31 33 45 59 49 35

(a) Does the special training program

ensure higher scores?
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(b) By what range of wvalues can the

Y-

scores of the two groups be expected to differ 95% of
the time?

(2) Solution. To test the hypothesis that the

e

~»
Pades

special training program raises profficiency scores, we

-

test HO: M(X-Y) = © versus H1: M(X-Y) > 0@.

(3) Workspace Decision Process

> (a) Microcomputer: Choose the Wilcoxon
Signed~rank Test from the main menu, and the option,
Paired-sample; Test HO: M = Mo versus H1: M > Mo, from

) the test menu. Skip to the Program Interaction section

X below.

(b) Mainframe: Enter WILCOX at the key-

; board and receive the prompts:

THE NULL HYPOTHESIS STATES -~ THE
N
A POPULATION MEDIAN (M) IS EQUAL TO THE HYPOTHESIZED
l'

MEDIAN (Mo); H@: M = Mo. WHICH ALTERNATIVE DO YOU WISH

=

I TO TEST? ENTER: 1 FOR H1: M < Mo; 2 FOR H1: M > Mo;
3 FOR H1: M # Mo.

"’ Enter 2. The next prompt is:

ENTER: 1 FOR SINGLE-SAMPLE PROBLEM; 2

-

FOR PAIRED-SAMPLE PROBLEM.

-
-

Enter 2.

.‘ . (4) Program Interaction. The prompt is:

ENTER X DATA (MORE THAN TWO OBSERVATIONS
ARE REQUIRED).

A 59 ‘




Enter the X data separated by spaces. The
next prompt 1is:

ENTER Y DATA (NUMBER OF Y ENTRIES MUST
EQUAL NUMBER OF X ENTRIES).

Enter the Y data. The next prompt is:

ENTER THE HYPOTHESIZED MEDIAN FOR THE
DIFFERENCES OF THE PAIRED DATA.

Enter 0. The following is dislayed.

COMPUTATIONS ARE BASED ON A SAMPLE SIZE OF:
12.

THE TOTAL SUM OF POSITIVE RANKS IS: 60.5.

THE P-VALUE FOR COMPARING THE MEDIAN OF THE
POPULATION OF DIFFERENCES TO THE HYPOTHESIZED MEDIAN,
HO: M(X-Y) = @ Versus H1: M(X-Y) > o, IS: .0505.

Consider a significance 1level of .05.
Since the P-value of .0505 is greater than .05, we do
not reject the null hypothesis that the two training
cources are equally effective. However, due to the
closeness 1in values, the choice of rejecting or not
rejecting the null hypothesis 1s strictly a Judgement
call. The next prompt is:

WOULD YOU LIKE A CONFIDENCE INTERVAL FOR
THE MEDIAN? (Y/N).

Enter Y (If N 1is entered, the mainframe

progam ends; or, the Wilcoxon test menu reappears).

The next prompt 1is:
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ENTER THE DESIRED CONFIDENCE COEFFICIENT;
FOR EXAMPLE: ENTER 95, FOR A 95% CONFIDENCE INTERVAL.

Enter 95. The following is displayed.

A 95% CONFIDENCE INTERVAL FOR THE MEDIAN OF
THE POPULATION OF DIFFERENCES IS:

( -1 ¢ MEDIAN(X-Y) < 16.5 ).

The mainframe program ends. The menu-
driven microcomputer program pauses for input from the
keyboard by prompting:

PRESS ENTER WHEN READY.

Press Enter and the Wilcoxon test menu
reappears.

c. Mann-Whitney Test for Equality of Medians

(1) Description of Problem 3. A group of Army

and Navy officers were given the Defense Language
Aptitude test. From the results, 14 Army and 17 Navy
officers’ scores were randomly selected. These scores
are listed below.

Army (X): 35 30 55 51 28 25 16 63 60 44 20
42 47 38.

Navy (Y): 54 26 41 43 37 34 39 50 46 49 45
33 29 36 38 42 34.

(a) Is there sufficient evidence to claim

that Navy officers score higher on this test than Army .

officers? A
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(b) By what range of values can the

scores between the two groups be expected to differ 90%
of the time.

(2) Solution. To see 1f Navy officers score

higher on the exam, we test. HO: Mx = My versus
H1: Mx < My.

(3) Workspace Decision Process.

(a) Microcomputer: Choose the Mann-
Whitney Test from the main menu, and the option, Test
H@: Mx = My versus Hi: Mx < My, from the test menu.
Skip to the Program Interaction section below. )
(b) Mainframe: Enter MANNWHIT at the
keyboard and receive the prompts: ‘ "

DO YOU WISH TO COMPARE THE MEDIANS OR

VARIANCES OF THE POPULATIONS? ENTER: 1 TO COMPARE
MEDIANS; 2 TO COMPARE VARIANCES. Q

Enter 1. The next prompt is: 4
THE NULL HYPOTHESIS STATES - THE y
MEDIANS OF X AND Y ARE EQUAL; Mx = My. WHICH :
ALTERNATIVE DO YOU WISH TO TEST? ENTER: :

1 FOR H1: Mx < My; 2 FOR Mx > My; 3 FOR Mx # My. 3

Enter 1. g

U

(4, Program Interaction. The prompt is: s
ENTER X DATA (MORE THAN ONE OBSERVATION IS Y

REQUIRED).
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Enter the X data separated By spaces. The
next prompt is:

ENTER Y DATA.

Enter the Y data. The following is
displayed.

THE §SUM OF THE X RANKS IS: 224. THE U
STATISTIC EQUALS: 119.

THE P-VALUE FOR HO: Mx =My versus H1l:
Mx < My IS: .5078.

We do not reject the hypothesis of equal
population medians and conclude the median of all Army
scores is equal to the Navy’s. The next prompt is:

WOULD YOU LIKE A CONFIDENCE INTERVAL FOR
THE SHIFT IN LOCATION (My - Mx)? (Y/N).

Enter Y (If N is entered, the mainframe
program ends; or, the Mann-Whitney test menu
reappears). The next prompt is:

ENTER THE DESIRED CONFIDENCE COEFFICIENT;
FOR EXAMPLE: ENTER 95, FOR A 95% CONFIDENCE INTERVAL.

Enter 95. The following-is displayed.

A 95% CONFIDENCE INTERVAL FOR THE SHIFT IN
LOCATION BETWEEN POPULATIONS X AND Y IS:

( =10 < My-Mx < 10 ).

The mainframe program ends. The microcom-

puter program pauses for input from the keyboard by

prompting:
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PRESS ENTER WHEN READY.
Press Enter and the Mann-Whitney test menu
reappears.
d. Mann-Whitney Test for Equality of Variances

(1) Description of Problem. Referring to

problem 3 1in section «c¢(1). Is there sufficient
evidence to claim that Army scores vary more than Navy
scores?

(2) Solution. To see 1if Army scores vary
more, we test HO: VX = Vy versus H1: Vx > Vy.

(3) Workspace Decision Process.

(a) Microcomputer: Choose the Mann-
wWwhitney Test from the main menu, and the option, Test
H@: Vx = Vy versus H1: Vx > Vy, from the test menu and
receive the prompt:

ENTER THE DIFFERENCE OF THE MEANS OR
MEDIANS (Mx - My).

Because we belleve the population
medians to be approximately equal, We enter 0. Skip to
the Program Interaction sectibn below.

(b) Mainframe: Enter MANNWHIT at the
keyboard and receive the prompts:

DO YOU WISH TO COMPARE THE MEDIANS OR
VARIANCES OF THE POPULATIONS? ENTER: 1 TO COMPARE
MEDIANS; 2 TO COMPARE VARIANCES.

Enter 2. The next prompt is:

ﬂ,\ N .J.'- > {\\-\_,\.\‘_\f'u \.',.‘, .\-*\‘J:’ ~ .
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THE TEST TO COMPARE VARIANCES, REQUIRES

THE TWO POPULATION MEANS pR MEDIANS TO BE EQUAL. IF
THEY DIFFER BY A KNOWN AMOUNT, THE DATA CAN BE ADJUSTED
BEFORE APPLYING THE TEST. ENTER THE DIFFERENCE OF
MEDIANS (Mx - My) OR 900 TO QUIT.

We enter @. The next prompt is:

THE NULL HYPOTHESIS STATES - THE
VARIANCES OF X AND Y ARE EQUAL; Vx = Vy. WHICH
ALTERNATIVE DO YOU WISH TO TEST? ENTER:
1 FOR H1: Vx < Vy; 2 FOR Vx > Vy; 3 FOR Vx # Vy.

Enter 2.

(4) Program Interaction. The prompt is:

ENTER X DATA (MORE THAN ONE OBSERVATION IS
REQUIRED).

Enter the X data separated by spaces. The
next prompt is:

ENTER Y DATA.

Enter the Y data. The following is
displayed.

THE SUM OF THE X RANKS IS: 166. THE U
STATISTIC EQUALS: 61.

THE P-VALUE FOR HO: Vx = Vy versus H1:
x > Vy IS: .0112.

Consider a significance 1level of .05.
Since a P-value of .0112 is less than .05, we reject

the null hypothesis of equal variances in favor of
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Vx > Vy and conclude that Army scores do vary more than
Navy scores.

The mainframe program ends. The
microcomputer program pauses for input from the xey-
board by prompting:

PRESS ENTER WHEN READY.

Press Enter and the Mann-Whitney test menu
reappears.

e. Kruskal-Wallis Test

(1) Description of Problem 4. During a recent

Monster Mash involving four Navy SEAL Teams, one of the
events consisted of the number of pushups a man could
do in 2 minutes. Eight men were chosen randomly from
each Team. The following scores were recorded.

SEAL 1: 90 96 102 85 65 77 88 70.

SEAL 2: 64 79 99 95 87 74 69 97.

SEAL 3: 101 66 93 89 71 60 76 98.

SEAL 4: 72 78 73 81 83 92 94 86.

Are the different Seal Teams considered to
be equally fit?

(2) Solution. To see 1if the Seal Teams are

2qually fit. we test the hypothesis that all <the

population medians are equal.
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(3) Workspace Decision Process.

(a) Microcomputer: Choose the Kruskal-
Wallis Test from the main menu; and, once the test menu
is displayed, press Enter.

(b) Mainframe: Enter KRUSKAL at the
keyboard.

(4) Program Interaction. The prompt is:

T

ENTER THE NUMBER OF POPULATIONS TO BE

COMPARED (MUST BE GREATER THAN TWO).
Enter 4. The next prompt 1is:
ENTER YOUR FIRST SAMPLE.
. Enter the SEAL 1 data separated by spaces.
The next prompt is:
. ENTER YOUR NEXT SAMPLE.
; Enter the SEAL 2 data. The next prompt is:
¢ ENTER YOUR NEXI SAMPLE.
! Enter the SEAL 3 data. The next prompt is:

ENTER YOUR LAST SAMPLE.

Enter +the SEAL 4 data. The following is
displayed.
THE H STATISTIC EQUALS: .1335.
THE P-VALUE FOR HO: THE POPULATION MEDIANS
! ARE EQUAL versus H1: AT LEAST TWO POPULATION MEDIANS
ARE NOT EQUAL IS: .98893.
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: We do not reject the null hypothesis that
the population medians are equal and conclude that the
SEAL Teams are equally fit.
The mainframe program ends. The microcom-
; puter program pauses for input from the keyboard by
| prompting:
PRESS ENTER WHEN READY.
Press Enter and the Kruskal-Wallis test
menu reappears.

f. Kendall’s B

(1) Description of Problem 5. In order to

determine if cold weather affects target marksmanship,
Naval Special Warfare recorded small arms marksmanship
scores and corresponding air temperatures for a period
of one year. 20 men were chosen at random, and their
scores averaged for different air temperatures. The
average score for each air temperature is shown below.

Air temperature (X): 50 55 20 50 65 55 30
52 40 60.

Average scores (Y): 210 200 165 165 260
215 175 191 180 235.

Can it be said *that colder temperatures )
have an eifect on marksmanship scores? Is that effect '

positive or negative?
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(2) Solution. We test the null hypothesis ﬁ
that no association exists between cold temperatures %
and marksmanship. 5

(3) Workspace Decision Process. i

(a) Microcomputer: Choose Kendall’s B ]

Test from the main menu; and, once the test menu 1is by
displayed, press Enter. i
(b) Mainframe: Enter KENDALL at the N
keyboard. 3
(4) Program Interaction. The prompt is: E

ENTER X DATA (MORE THAN TWO OBSERVATIONS ?

ARE REQUIRED). . ;
Enter the X data separated by spaces. The ?'

next prompt is:

ENTER Y DATA (NUMBER OF Y ENTRIES MUST "

- «
*»

EQUAL NUMBER OF X ENTRIES). ET
Enter the Y data. The following 1is ;

displayed. ;
KENDALL'S B EQUALS: .7817. A

THE P-VALUE FOR H@: NO ASSOCIATION EXISTS ;,

versus: H1: DIRECT ASSOCIATION EXISTS IS: .00045. :
THE P-VALUE FOR THE TWO-SIDED TEST OF g

HYPOTHESIS IS: .0009. -
Since the P-value for the one-sided test E’

equals .00045, we reject the null hypothesis that no :'
association exists between temperatures and Q»
N,

N

b))

s

[ - AR AT A "SR P dn A [ e - PRI I T TP S TS S IR e i AL T A S RN AT -I‘v..;-."."
R o St AR A A A VOV L i MR S AT SRR AR BT LM OGBSI,

......



marksmanship in favor of direct association. We

conclude that colder temperatures tend to cause 1lower
marksmanship scores.
The mainframe program ends. The microcom-

puter program pauses for input from the keyboard by

prompting:
PRESS ENTER WHEN READY.
Press Enter and Kendall’'s B test menu
reappears.
£. Spearman’s R

(1) Description of Problem 6. When fitness

reports are written, officers of the same grade are
ranked against each other based upon their demonstrated
level of performance. Last marking period, the
Commanding and Executive Officers separately ranked 9

Ensigns as shown below.

Ens s

&

Co (X)

i
E
: 2
X0 (Y): 1

Vol s =]
SNV Q
(VIES . o
0w H

n
ABCD
6 4 15
5 6 3 4
Does any association exist between the two

sets of rankings?

(2) Solution. We test the null hypothesis 4

that no association exists.
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(3) Workspace Decision Process.

(a) Microcomputer: Choose Spearman’s R
Test from the main menu; and, once the test menu 1is
displayed, press Enter.

(b) Mainframe: Enter SPEARMAN at the
keyboard.

(4) Program Interaction. The prompt is:

ENTER X DATA (MORE THAN TWO OBSERVATIONS
ARE REQUIRED).

Enter the X data separated by spaces. The
next prompt is:

ENTER Y DATA (NUMBER OF Y ENTRIES MUST
EQUAL NUMBER OF X ENTRIES).

Enter the Y data. The following 1is
displayed.

SPEARMAN'S R EQUALS: .5500.

THE P-VALUE FOR H@: NO ASSOCIATION EXISTS
versus: H1: DIRECT ASSOCIATION EXISTS IS: .0664.

THE P-VALUE FOR THE TWO-SIDED TEST OF
HYPOTHESIS IS: .1328.

Consider a significance 1level of .05.
Since a P-value of .0664 exceeds .25, we do not reiec+

the null hypothesis that no correspondence exists

between the two sets of rankings.

-
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The mainframe program ends. The microcom-
puter program pauses for input from the keyboard by
prompting:

PRESS ENTER WHEN READY.

Press Enter and the Spearman’s R test menu

reappears.

h. Nonparametric Simple Linear Regression; Least
Squares

(1) Description of Problem 7. Battery-powered

Swimmer Proplusion Units are sometimes used to aide
swimmers during long underwater swims. Recent tests
have shown that a nearly linear relationship exists
between water temperature and battery life for these
units. The following 17 data points were randomly
selected from the test results.

Water temperature (X) Battery life (Y)
70
65
50
409
60
55
52
50
43
40
72
55
48
35
70
68
57

I P, R K RV R 0
ul Ul Ul

A NNl a N2 2NV

N AW
W wowu

(a) Find the fitted regression equation.
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(b) For the following water temperatures,
predict the battery life of the units: 61 52 46 36.

(c) Can we determine with any certainty
if the slope of the regression line equals .05.

(d) Wwhat range of values could be used

~as the slope of the estimated equation line 90% of the

)

time?

(2) Solution. To determine the estimated

regression equation, we use nonparametric 1lirear

regression.

(3) Workspace decision process.

(a) Microcomputer: Choose Nonparametric
Simple Linear Regression from the main menu; and, once
the test menu is displayed, press Enter.

(b) Mainframe: Enter NPSLR at the
keyboard.

(4) Program Interaction. The prompt is:

ENTER X DATA (MORE THAN TWO OBSERVATIONS
ARE REQUIRED).

Enter the X data separated by spaces. The
next prompt is:

ENTER Y DATA (NUMBER OF Y ENTRIES MUST
EQUAL NUMBER OF X ENTRIES).

Enter the Y data. The following 1is
displayed. '
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THE LEAST SQUARES ESTIMATED REGRESSION
EQUATION IS:

Y = -=1.263 + .060668X.

The next prompt is:

DO YOU WISH TO ENTER SOME X VALUES TO GET
THE PREDICTED Y'S? (Y/N).

Enter Y (If N is entered, the program skips
to hypothesis testing for the slope).

ENTER X VALUES.

Enter 61 52 46 36. The next prompt is:

THE PREDICTED Y VALUES ARE: 2.44 1.89
1.53 .92.

WOULD YOU LIKE TO RUN SOME MORE X VALUES?

Enter N. The next prompt is:

WOULD YOU LIKE TO TEST HYPOTHESIS ON B, THE
SLOPE OF THE EQUATION? (Y/N).

Enter Y (If N is entered, the program skips
to confidence interval estimation). The next prompt
is:

ENTER THE HYPOTHESIZED SLOPE.

Enter .05. The following is displayed.

SPEARMAN’S R EQUALS: .5756.
THE P-VALUE FOR H@: B = .05 versus H1: B >
.05 IS: .8079.

THE P-VALUE FOR THE TWO-SIDED TEST OF
HYPOTHESTS 1IS: .0158.
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Consider a significance level of .05. Since
a P-value of.02079 1s less than .05, we reject the null
hypothesis that B = .85 in favor of B ~» .25, and
conclude the slope of the regression line 1is greater
than .05. The next prompt is:

WOULD YOU LIKE A CONFIDENCE INTERVAL FOR
THE SLOPE? (Y/N).

Enter Y (If N is entered, the mainframe
program ends; or, the Nonparametfic Regression test
menu reappears). The next prompt is:

ENTER THE DESIRED CONFIDENCE COEFFICIENT;
FOR EXAMPLE: ENTER 95, FOR A 95% CONFIDENCE INTERVAL.

Enter 90. The following is displayed.

A 90% CONFIDENCE INTERVAL FOR B, THE SLOPE

OF THE ESTIMATED REGRESSION LINE, IS:

( .25333 ¢ B ¢ .07 ).

If the estimated slope, does not lie within
the confidence 1interval, the following would be
displayed.

THE LEAST SQUARES ESTIMATOR OF B LIES
OUTSIDE THE CONFIDENCE INTERVAL. DISCARD THE LEAST
SQUARES EQUATION.AND USE:

Y = -1.4458 + .060833X.

THIS EQUATION IS BASED ON THE MEDIANS OF
THE X AND Y DATA, AND THE MEDIAN OF THE TWO-POINT
SLOPES CALCULATED FOR THE CONFIDENCE INTERVAL ON B.
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The next prompt is:
DO YOU WISH TO ENTER SOME X VALUES TO GET
THE PREDICTED Y'S FROM THE NEW EQUATION? (Y/N).

To compare results, let wus 1input the
temperatures in the new equation. Enter Y (If N is
entered, the mainframe program ends; or, the
Nonparametric Regression test menu reappears). The

next prompt is:

ENTER X VALUES.

Enter 61 52 46 36. The following 1is
displayed.

THE PREDICTED Y VALUES ARE: 2.265 1.72
1.35 .74.

The next prompt is:

WOULD YOU LIKE TO RUN SOME MORE X VALUES?

Enter N. The next prompt is:

WOULD YOU LIKE TO TEST HYPOTHESIS ON B, THE
SLOPE OF THE EQUATION? (Y/N).

To compare results once again, we enter Y
(If N is entered, the mainframe program ends; or, the
Nonparametric Regression test menu reappears) . The
next prompt is:

ENTER THE HYPOTHESIZED SLOPE.

Enter .925. The following is displayed.

SPEARMAN'S R EQUALS: .8287.
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THE P-VALUE FOR H@: B = .25 versus Hi1: B >
.05 IS: .0000.

THE P-VALUE FOR THE TWO-SIDED TEST OF
HYPOTHESIS 1IS: .0000.

The mainframe prograﬁ ends. The microcom-
puter program pauses for input from,the keyboard by
prompting:

PRESS ENTER WHEN READY.

Press Enter and thé Nonparametric

regression test menu reappears.
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APPENDIX D
MAIN PROGRAM LISTINGS FOR MICROCOMPUTER WORKSPACE

V KEN:A:AA:B:BX3;BY:C3;CX3CY;:D;DD3DX:DY;DXY;S; POS;NEG; XX; XYY ;N: DEN ;NN NUM;P;
PvAL SU SV bV AR 2 X L W CHAE BV g iR
1] a THIE PiN t bN cbnpbrts rks kENDALt ] tarrsrrc WHICH IS A _MEASURE .
3] @ oF ASSOCIATION BETWEEN SAMPLES. P-VALUES ARE CIVEN FOR FESPING ONE
31 = AND TWO-SIDED arparazsrs POR NO ASSOCIATION vaasus ASSOCIATION,
4] o SUBPROGRAMS CALLED BY THIS FUNCTION INCLUDE: TIES, TIESK, RENDALP,
s1 a INTERP, INPUT AND NOEMCDF.
E? 2 DISPLAY TEST MENU AND INPUT DATA
g ¥y (3+¥zyg RENQBJ
%gl nzﬁ& nAINQag
12] BiiR+INPUT 2
13] Qe1+
1] %¢ Q+1)+R
£18] Y« (Q+1l)e .
115] ORDER Y IN INCREASINC ORDER OF X
117] A+yCAX]
t18] a ORDER X IN INCREASING ORDER
197 3+X[AX]
20] n. COMPUTE CURRENT RANKING OF Y
21] c+dAA
223 A cans NOW ORDER Y RANRS IN INCREASING ORDER
23 -+
2u] a 1k TIES EXIST IN EITHER X OR I RANKED VECTOR USE MID-RANK MET3OD
25] Dp«1 TIES D
28] XXel TIES 3
27 PIND ORIGINAL RANKING OF I WITE TIES RESOLVED
;g: %I«gD[CJ
30] a coupa 4 Ngnazx OF DISTINGUISHABLE PAIRS N\
31 NN*( x(N-1
4] pvsrrrvz ONES COME FROM A RUNS UP CONDITION:; NECATIVE 1 PROM RUNS DOWN
.gj 8 zsaoarsiscoasv FOR T7ES. MULTIPLY THE RESULTS FPOR EVERY ELEMENT AND SUM
371 Bx« xx€AA] 2 AA+XX 3 -
8] X B aaixxiix 1)

+CX
ST )
PO§+ 35>
G‘ DXI<0;!( 1)

0§,
<AA<<N-1 /L1
SUM FINAL VECTOR TO DETERMINE S

AN EWRHOW

S+ /8

"a«rzzgglrn THE NUMBER OF TIES IN EACHR VECTOR USING THE TIESX FUNCTION
+«TIESK D

50+ +/ 2'05

[ CAL wAT. gﬂ% STASIS?IC INCLUDING TEE CORRECTION FOR IIES

ﬁ@ST (NN-SU)x(NN=-SV))}»0.5

*€N>13)/N0}M

CILL RENDALP T0 CALCULATE THE RICHT TAIL OF THE CDF OF B

P*KENDALP

a T’P” TO ”'LCULAT“ 2-VALUE 3Y INTERPOLAZION

°VAu0112’ INTTRP F

~(PVaL="1)/L3
PVAL+0.5

+L3

A CAZCULATE P VALUE USIN

NOBM NUM¢ 84 )‘gs Sg*G.g RMAL APPROX.
DEN+ 2xN »Q.5

+N
PVAL*i- NORMCDF Z)
23{{(8 I PgSITIVE PRINT OUT DIRECT ASSOCIATION.

CEA*'IN IRECT'

Al A A A A A AN AS S A AAAASS LRSS ALAR NS S S LARA

NNNNORGRR RO RO ANANUNBIBWBMEEFEFEEEEEEF

WA OO~ FEWRI OWM MR £ W O~

CWE TV WYY Y YW

78

T I Vg O SR I IS AT I f-‘-.' T Can Ta O vty T W e A AT e e T AT L AT
R TRIBAY A% S A A o ”'I,"\".' VRN WR TN ""\ NNVIAAG e, N A AT A



el

e

« & s &

-
-

f AL T S H

e SR

-,

ARl

. 1,\

O e
nth,

A AT

OO WM IININN
N FELROWVOIW F

SNRNINNNIONS I3 B OO~N0U E W

vWLLMMMM—MJ [ O W W ]

NORROBROOROLA NNANNONE EEEE £ & E £ £

L. a s m s s a0 BN B o e o 0 00 0 25 R I B B A S B B B S B B B S T B A S LA B B . 2 A i )
QOB IRUN EWNHOWONGHA EWNROWONOWM EWNBOVENONEWNFOOONOMEWNHOWVONOME WNHHOLALL X o A

1\\

+L7
LS:CHA«'DIRECT!
L7 PV+2xPVAL

> PVSi)/B
L8

Y TRENDALL''S B E UALS ug?
'THE P-VALUE FOR $§ 2¢9o~ zxrsrs VERSUS!

5 SCHA),' ASSOCIATION srs ISt 1, (L3PVAL
'rux P-VALUE FOR raz rﬁ -srvsb TEST OF HYPOTHESIS IS: tu¢PV) urb
'PBSSS ENTER WHEN READY.

*>N1
v

OTCNL

V RRNLNUM;DENOM.;Co8 ;D XA 158,00 B F LN OFPLPVAL LR, SOFR: SR TSOR CHA 15
R L RhnCTIaN CohphTEs PRk ngxA wALLIS' zzsr STAPISTIC 4 WRICH IS

A MEASURE QF TZE F2QUALITY OF & [NDEPENDENT SAMELES

SUBPROCRAMS CALLED BT THI CTIQN INCLUDE: TIES

frEs INDEXELS
MATRN32, PRATRV3u

LDDDD

S _FUN
FDISTN, INTERP AND THE VAPIAEEES PMATXN20, PMATAW31,
MATKM“I PMATKWNY2, AND PMATKWu3.

MENU CHBQICES AND ROUTE I'0 PROPER STATEMET FOR ACTION.
P gt KLl

MéNU MAINQBJ

Peu

QP
BIO'FNT?R TBE NUMBER OF POPULATIONS IO BE COMPARED (MUST BE CREATER THAN T

2 3)VS511K)=0))/21

INITIALIZE VECTORS E AND P AND VARIABLE ¢
E+F¢SOFR¢90

+Q
nfgif L?OngACILITAIZS ENTERING THE SAMPLE VECTORS AND STORINGC THEM

'ENTER IOUR ', (SCHA),' SAMPLE.!
31103D)=o)/nzxr
szxrcgNgATBNATE SAMPLES AS TBEY ARE ENTERED AND STORE TBREM IN VECIOR E
‘ RECORD THE LENGTHS OF THE SAMPLES AS TBEY ARE ENTERED
gc<(x 1 )/L1

C<K§/Ll
n o/ RECORD SIZE OF ALL SAMPLES WHEN COMBINED

aogRD R fAMPLE SIZES LARGEST TO SMALLEST
ORDER COMBINED SAMPLE VECTOR 70 BE USED BY ITIES FUNCIION
A §AL1 INDEXPLS TO INCREMENT INDEXES WHEN TIES OCCUR WITHIN ONE SAMPLE

INDEXP
CALL by RE. THOD
“BBti R TIES T0 BREAR TIES BY MIDRANR METHO
n B, P U.
aicecst TBRIS LOOP CALCULATES THE B STATISTIC

M OF RANK FOR EACH SAMPLE I U

SR¢+£BB££P£C§+(AA£Cki i § CALCULATED

“SR Zeuk UM 0 NKS SQUARED DIVIDED BY THE INDIVIDUAL SAMPLE SIZE
IORE EACH CALCULATION '

SOFR+ OFR.SR
.*(C<K /L2 SUM ACROSS ALL SAMPLES
‘SOR~+/SOFR
ALCULATE PINAL 3 STATISTIC

C.
3¢('SORX(12‘(NX(N *1,)))=(3x(N+1,)
n RECALCULATE 8 WITH CORRECTION FOR TIES

Q 3)) (+§A)

REL NUM+DENG '
S % fé géogoczcﬁz STATEMENTS ENSURE PROPER PROB. IS ACCESSED
Fi

333 §§}56 51]>3))/PAPPROX
/Pu2

EURE

§00000
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(OF= 371 1 1))v(A/(0P= 3 2 1 1))v(A/(OF= 3 3 1 1))v(A/(OF= 3 3 2 1)) ;
/

o3 g)gpéﬁgﬁ?f P= 3 1 1)))/0UTBUT 7

g;& é“g"gg}%zg g 23,%“’”“""" 33 2))v(A/(OF= 3 3 3)))/P33 '

n z PRIATE VARIABLE ACCESS CDF

pzaép*Puarxwzoc N-8)5:4
P3i: vopnarxw31c(n—5)..z
233 N PePMATEW33[ (N-5); . !

Pau.popuarxwaut<n-s);: D |

PuliPePMATEWNSAL (N-5)13

pEz:p«pquxwuzc<N-s)-- :

?;?D§;§g§1§§ ~§§ 70 &AichArz P-VALUE BY INTERPOLATION
= BvaLs 13/00TPUT ‘

o lar cuzagfﬁ_-vaz 9z USIN? {gz 4 Dr§§ W/ONE LESS D.F.IN DENOM APPROX. 4

.25

ay

5

G0 G0 U0 GO NN NN
FWNH OO, EWN
A A A A A NS AN A ALAARALAANS AL
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F vae
N
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Muitwy
- A

FPAPEROX : Pv x
£g§L¢1 (K (€ ISTN F
PETIRET AL FREATIR a7 o 2% (usay czcwr

3:! TIC E cN

"THE P-VALUE FQE 49: THE vopd AT Ioﬁ MED’ANS ARE EQUAL VERSUS ',JTCNL

'r 317 AT SEARP TWO POPULATION MEDIANS ARG NOZ QU3 5 §J§ ; 3PVAL),

orey
'PRESS ENTER WHEN READY.!
R4+0

g B .20 _Q

OC0O000 0OCNQWENOWLE WNKHOWEDIoNUN

OO E WNDPHPOLA A a2 s

LA A AN a
<3
o

iz 2n on Bn sn RN AR o BE Ba an an an o an me i
st hd 411 4 D OO W (D40 WO 03 0 GO 00 00 0O

N1
EIéiERROR: ENTER A SINGLE INTECER VALUE GREATER THAN 2; TRY AGAIN.',CTCNL

Y MANWN;M:PV2:2 ; sC:MM;NN3RX;U:NM1;P;NUPVAL : NM; NUMZ ; NUMZ1 ; DEN ; DENC ; DE
fe; rcx N&M Z; 1 ALP&A ;CDP; INDEX s TPX:CT;UALPEA ;BB EC: U102 PV NNIINN
PUIDIFFP:AX;AY: AR:CC;AX1; PVH; P 3
farg ?UN froﬁ é THE"S ﬁ RANkS ROCEDURE ro CALCULATE THE MANN-
NHITNEY U srrc warca IS s IN onpurzu THE P-VALUE FOR THE TEST
0F LO rIo AND SCA T9E " C.I. FOR §-¥5 THE SEIFT IN LOCATION IS
ALSO conPurzn SUBPROGRAMS CALLED BY THI Nérron INCLUDE: TIES, TIES2 ,
INDEXPL S, VARMW, MANWP, INPUT, CONEMW, NORMCDF, AND NORMPTE. -

¥ AT

HENU ICESL ND ROUTE TO PROPER STATEMENTS FOR ACTION.
Ng D+CHOICEH PAGEDMENU MANWQBJ )

: D 2 n 53/81 3

5 ' '
HENU MAINQEI
BS"EgaER THE DIFFERENCE OF THE MEANS OR MEDIANS (MX - MI).! .
+((pDIFF)>1)/E3 &

a ENTER DATA VECTORS
Bl"ENfER X DATA (MORE THAN ONE OBSERVATION IS REQUIRED).

- N)=0)/21
éﬂ%gx)r AT v
N SALCULATIONS INVOLVE VARIANCES ADJUST X BY THE DIFFERENCE IN MEANS s
N- N
A oM CONCATENATE X AND Y SAMPLE VECTORS o
<N, .
q DETZRMINE 522 OF X AND I 7ECTORS AND ASSIGCN TC NN AND WM :
s -
OMPUTE SIZE LIMIT OF LEFT TAIL OF NULS DISTRIBUTION :
%ﬁ*(ﬂﬂ;ﬂﬂ +2 o

ORDER R AND ASSICN IO B

C*?ﬁﬂ ﬂnz INDEXPLS R

L TIES FUNCTION TO BREAK TIES USING MIDRANK NETHOD ’ E

A {F FALSE CALCULATE TEST FOR VARIANCES ~
RMW TQ GENERATE RANKS REQUIRED FOR VARIANCE TEST R,
ES ro }!CORD TIZS IN THEZ DATA AND BREARK TIES IN GG ) ) L

&
WRFHOQWENOUL EWRNH OWANAOWM FWNROWO RN EWN HROLSSA A LA a2}

GG‘ ARMV
8 CALL II

‘:: £ £ FWWWWWWWWWIWHRARNNRNNAAI NN b -5 - b b 1 b b j R OO I VA E WR

Lon 20 0 S5 J0. 25 S0 S8 Zn n 2 an st BNl N
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gONV 20 MANNWEIT U STATISTIC
g;RX ((NNx(NN+1))42)

{ €ZE OF X TIMES SIZE OF Y > 80; GO IO NORMAL APPRCX
0((Nnx2 >80

nMANgg FU&CTION CALCULATES LEFT TAIL CUMULATIVE PROBS. OF U STATISTIC
gICAL STATEMENT ENSURES ONLY LEFT SIDE OF NULL DIST IS USED

CONV53¢ U STAT WHEN GREATER THAN LEFT TAIL VALUES
U« (NNxMM)-U

°*({1IU%

*\U
PV¢1 ((PCU2+1])+2)
P3

1 PV«1-((PrU21+P0T2+17)+2)
P3 1PVI«(PLU2+1]+P{U2+2] )42

HECK
NON:*?U>0)/GO
Vel

I§/~ FRACTIONAL, INTERPOLATE P VALUE

»

T T T e < LA,
'l
.
LAD ou mf Bn on s aa e an as B Mh Sn S A An Su mn an Sn an RS SR onan on Sn am En me an an mm and

v 0 b b D W0 WD OO D O D OO 00 00 G0 GO G0 G0 00 00 00 00 1 1 3 ~J I IO AR H O BB Ottt E & £ F &

G‘GG TIES B g g ATE SUM OF X RANKS -
BS RX++/(GL(CL1; (1NN
22{5(50NFI€EgCE INTERVAL DESIRED GO0 I0 Lio

A COMPUgE THE NORMAL APPROXIMATION W/CORRECTION FACTOR

NUMZ+(U+0.S )

QOO0O00WARNICV FWNHOWVBNINN FWNPLOWE I FWRNIKOWD NN FWNHROVONNNEWNROWONINL

[SYSYR

E NOMF1emos 33N
4 JEN«(éMMXNNX(MM+NN+‘))+‘2)*0 .5
Z+NUM
) Zl*NYMZi+DEN
. NUM« [ (T-N. -
. DENC+: ié NN+MM- 1)!(DEN*2)30(NN+MM-2)3-(22NOM-0 5)x2)4( N+MM-2)33*0.5
”5”?%5 (N~+gg&1)x(nzN*z Y4 (AN+MM=2))~ LO(NUM$G .5 )%2 )+ (NN+MM=2) 3 )%0 .5
- - B
TE1< (NOH20 83 anmc
pg?s” &aangogpz)+( NN+MM-=2) TDISTN TC))+2
- -
¥ pv~(21 IROamenB 34 SN P WERESE T523%% 1c1)))e2
Y ssco D:PVI+((NORMCD zz+ 1-((NN+MM-2) TDISTN TC)))+2
. -(NO MCDP z1 ;+ N+MM-2) TDISTN TC1))+3
¥ 3~2x b/(” )
Lr NS: pvn«(a 1)p pvr PV,PV3)
6;@3 SUM'0F ?HE X RANRS'IS: ',(®RX),'. THE U STATISTIC EQUALS: ',(sU1),

A‘ D=6 §OGICAL STATEMENT FOR VARIANCE OUTPUT

AR
UE FOR BO: M
(G 'PVM[D -1;1]),0r¢C N%

Ei
i
J ikt
§

= MY VEBSUS Hi: MX ',(SLOGIC(D-1;11),' MY IS: ',

[N S
ey
e

: PVM« v, pvr V3
\PHE 54&03” 8 Kﬁ 2 VI VERSUS Hi: VX ',(sLOGICC(D-5;13),' VI IS: ',
(6 4 pvu D-§ g

Bsgﬂss ENTER ﬁa N READY.

Loy iwouLD T0U LIRE A CONFIDENCE INTERVAL FOR THE SEIFT IN LOCATION (MY -
L OIARSZLF ETER: 1

0(33"V"/N3

ALY
ut()-sa

nCDF*P COMPUTING CONFIDENCE INTERVALS BY EXACT P-VALUE
A INDEX PQSITIQN OF VALUE IN CDF < ALPHA
INDEX‘(+/(CDFSALPHA)

*&IND

+L6
A MPUTING CONFIDENCE INT ERVALS USING NORMAL APPROX. W/C.F.
LS: DEN*(&MMXNNX(MM+NN+1)}

UALPHA+ DENX(NORMPTH AL
A ROUND UALPHA DOHN AND INCREMENT BY ONE

PO PR bbb D b b b hp S PR AR S pbpapd

A AOUTE r NORMAL APPROX. FOR CONF. INT. OF LARCER SAMPLE SIZZS
*((NMx2)>80 /L

SN W
f-'_"_'_r"T'-'_'—"l"ﬂ.".'
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LRI O S TN TR DT WP W WSO WA NN WL O T R A N Y P U MR R T VAN E N Y. L0 18 G BTN A N et tyte tl et g oty

132 INDEXoLUALpHA+1
i3 ng P§§ chF Ex :
‘ - B
135 é } CONFIDENCE INTERVAL FOR THE SAIFT IN ! R
135 'Locarran ETWEEN POPULAfIONS X AND Y IS:7,0TCNL <
137 (_r,(3cIC11),' s MY - MX s ', (scI(21),' )',0TCNL
‘ %gg épxgss ENTER WEEN READTS
140] N3 < '
| §3% a1§izaxoaz SAMPLE CONTAINS LESS THAN TWO ENTRIES; TRY AGAIN.',0TCNL K
->
%33 ea;;a&aoa: YOU HAVE ENTERED MORE THAN ONE VALUE. TRY AGAIN.!,0TCNL S,
+
”
v
| )
v NPLR N SUMX;SUMY ; XBAR: YBAR; SUMX2 s SUNXY 1B A sWW : XX ;BB U; D ALPEA: P;CC; CDF ;
LOHAINN: L SLOPES  RE: SR ¥Y: DENOM; INDEX 1 FF X1 Y3 Q521 CAALE; PV A
P 20CRAM owvucr~ NONPARAMETRIC LTNEAR REGRESSxON TgE 1ZAST SQUARES ‘
ESTIMATED RECRESSION LINE IS COMPUTED WITH HYPOTHESIS TESTING AND A
CONFIDE cs TNT’RVAL AVAILABLE FOR zas SLOPT B, IF B DOES NOT LIE IN THE
TINATE 2EGRES INE 5 PROPOSED. SUBPROGEAMS CALLZID ARE

spngnp B NOESTR . INPTT CAND conpiE
DISPLAT MENO AND INPUT DATA.
13ESMEND NELRQES
E=13/N
MENU MAINQBZ
N2 a¢§NPur 2
Ze1v(Q+1)+R
Fe(@sidva
Moy ASSIGN THE SIZE OF X (AND ) TO N
-
a P COMPUTE THE SUM OF X'S AND 'S »)
SUMX++/X .
7% 295
a COMPUTE THE MEAN OF X AND Y
XBAR+SUMXH
YBAR+SUMY +N
SUMX2++/(X*2)
SUMX!«-/(Xx
COMPUTE ' B SLOPE OF THE ESTTMATED LEAST SQUARES REGRESSION LINE
B+ I NS ThXY 3~ tsunx~suux>)+( FxSUMX3 )~ (SUMX
OMPUTE HE Y- INTERCEPT
A+7BAR- (B=XBAR
'raz LEAST §ogAmES zerMArzvlaschssron EQUATION IS:',QTCNL

(5% TCNL
'DO 100 wrsa 7o ENPER® soﬁz VALUES TO CET THE PREDICTED Y''S? (I/N).!

zn DDDDD

B e BN b a g mu gn b AN B me m

RRRR POORRMUIULLUIMUHAMME FFE FEEF FFEFLQOOWWWLHIDIWWRAINNNNNR RPN 1 3 14 35 100 D W £ WR -
WNRWR FWNPOWVE-INNFWNHROWVO PUMFWNROWONNOWNEWNHEDIWONOHAEWNIIOWOONOW EWRNHROLA L A S & 4 & )

—h A AJ A AA AR A A AL ASR A RAAAR) LA A AR S A A AN NS4 R AR ASRANS N R AN N AR AN 8B N N A A K.Y
» ®» D D
N - a T P T LSRRI

PR P

A

COMPUTE fEE SUM OF THBE X'S SQUARED
COMPUTE THE S0M OF X TIMES Y

->

(NV 'N')/L1
L2:l5NTER X VALUES.'
R CALCULATE PREDICTED I'S
YY+A

+BxXX
\THE PREDICTED 1 VALUES ARE: .,(8YY) OTCNL
3 WQULDY.3"LIKE 70 RUN SOME HORE" % VALGES? (1/M).
+ Wz Y
L13'woazu '{8% L1k T0 TEST EYPOTHESIS ON B, THE SLOPE OF THE EQUATION? (I/

V0

T{Hmz L)/

1ENTER ThE HYPOTHESIZED SLOPE.'

COMPUTE UL'S S

g+z¢ggafx) -
n_.CALL SPMANP TO COMPUTE R AND ASSOCIATED P-VALUES.
DX SPMANP -
:(or;;>9>/zzi -
Li PY2xD(2] ~
2 (PVs13/018

PV+
LIQ"SPEARMAN"S R EQUALS. (UUDfila JTCNL \

'THE P-VALUE FOR HO: B {
#1: B (ucaAc1 21525888) .1 rs: usvt 1),07CHr
'THE P-VALUE POR THE Bu0253588 rzs} ; B92oratdis’ $§+°F sl2xb[21)),0TCN
s AEYUS P_USING THE NEW REGRESSION EQUATION BASED ON MEDIANS. EXIT HERE.
..g =

i8
tPRESS ENT R WHEN READX.'
| L Ag

£ .

N of o




[P~
2w -
e o e

»

-y s, .

N
n‘ : COMPUTE CONFPIDENCE INTERVALS ON
LbB"VOUED YOU LIXKE A CONFIDENCE INTERVAL FOR THE-SLOPE? (XI/N).

+(WW='N!)/N1
Lia: C*INP T S

- -~

P

a £ ENTERED VALUE 20 ALPEA
arpaA+(SaaNeE, %
®, > 2942E 10 NORNAL APPROX. POR CONP. INT. OF LARGER SAMPLE SIZES
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a COMPUTING CONFIDENCE INTERVALS BY EXACT P-VALUE
9¢§vggaz; ¥
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“INDEX 20SITION OF VALUE IN CDF S ALPHA
INDEX*(+/(CDF$ALPHA))
S (INDEX>0)/L
{Ngsx+1
a OUPYTING CONFIDENCE INTERVALS USING NORMAL APPROX. N/C.F.
LS:DENOM+{ (Nx( N)+3 )+19
Tégr”&*D:NOMx\‘(NORWPT? 2254
A LgfrALEHA«PcazzNDExJ
b L3:CI+4 CONFLR I
‘ NN<1+CT

SLOPES+1+CI
BR«l (NN-TALPBA)Oz)

ggRRzo)/Lzo
“SRS(:SugPES/)/YZ’

SA+
L2 '?Au CONFIDENCE INTERVAL FOR B, THE SLOPE OF '

1
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A TP 3 QUPSIDE TRE C.I. CALCULATE NEW EQUATION BASED ON MEDIANS
'((BZSLOP’SLGR‘)A( 38S502E5(52, ) )/N1
CORDER £ AND I
X*XE
Yo

f gx IO SEE IF TRE SIZE OF SS IS EVEN OR 0DD FOR FINDING MEDIANS
*((2 NN

0)/51
CQMPUTE MEDIAN FOR QDD CASE
BESLOPE'S[ ( (NN+1€+ 2)]

A MPUTE MEDIAN FOR EVEN CASE
fi B*(SLOPES;(NN+2)}+SLOPES§((NN+2 +2) €*2

OR THE X AND Y VECTORS
S2 (2 N)=0) S3
YB §N+1 33
XBAR#X N+l
+Q07

S3: !BAR*(IE(Nfz)J+!C((N+2)+2)J)’2
xau«(xt(~*2)]+x5M§N+2)+2)J}
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$ 'DISCARD" THE LEAST saaaazz UATION ND USE:" fcwf '
5 é- THIS EQUATION IS AS b on réa MgbIANS OF THE X AND Y DATA,AND TH
’: £134] 'ngorAngSLrsz TWO-PCINT SLOPES CALCULATED FOR THE CONFIDENCE INTERVAL 0
% 135] *, ALLOF osER 19 DO, BOEnTas SONE X VaLObs 30 GET PREDICTED Y115 ¢

137 ;FR M TEECNEY EQUATION? (Y/N).
1 139] =(FP='Y')/L2
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» 181 +L1
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: V SIGNiA:;C:B;D;PVAL;X;MO;N:CDF3ALPHA;CI;Y;AA;BB;CC;DD;PV;PVI;NNN;KPOS ;ORD
. sYY;0BDX  kaLPEA;2; 21 QUA W ; PYM; PV3 1k} ¢ 5:0k
" 1] a tazs FUNCTION 0SES TRE okDINARY k& TEST 20, CALCULATE THE X
: 2] =a STA TISTIC, B VALUE, AND CONFIDENCE INTERVAL AS A TEST FOR MEDIANS.
a ] : arfsffcg fgn Zéﬁ%;ﬁéﬁéﬁ‘goép Iagg OF CONFIDENCE INTERVALS OF ORDERED
)

5] a SUZPROGRAMS CALLED BY TH ON DE: BINOM, NORMCDF, R
‘ & i fﬂpur GRANS CALL THIS BUNCTION INCLUDE: NORMPTH
YL : ”1 Tz ﬁgcgﬂgggrczs AND ROUTE FOR PROPER ACTIONS
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a
L7:0RDX+X(AX]
YY+oORDX

t RENC zs S:1,0TCHN
F% f ' < MEDIAN(X-Y) s ',(sCIC21),' )',0TCNL

CALCUBA?B AND PRINT QUT CONF. INT. FOR ONE SAMPLE CASE

g "8 " W

11] +(C=2,3,%,5)/L8 L
131 +(3=7'8.3.10)/L9 .
13] +(C=13/M1 ‘
18y +(6=11)/L20 .
%g goua MAINGBY '
171 a INPUT DATR FOR SINGLE SAMPLE CASE
18] L8:a4+1
19] “X+INPUT 1
20] NNN<+pX ]
21 +(C=5)/L18 . )
321 MO<INPOT™3
23] D+x-¥0
20] =11 h
251 8. 02en PAIRED SAMPLE CASE A
tAA+
27 3idinir 2 : . '
29 %+'?Q+1)+R
30 §+ ‘
311 :
a2 NNN«oDD N
taaj »(C=10)/L16 5
03 Do?rnngMz K
3 -(X-15- .
361 8 . e(pe0)/D COMPRESS D TO REMOVE ZEROS .
tAe
381 Ao a RECORD LENGTH OF A AND ASSIGN TO N
-
20 a0 REEPING TRACK OF POSITIVE SIGNS -
uil ZPOSes/(2>0) \
fu2! =(¥>255/NORM
w3l PViL~3INOM_ ¥ ‘
Pusy  =(XP05>0)/P1 ¢
‘“5 DV 4.1 r
46 o
47 P1:PVI+1-PZA§£KPOS% \
tg PZ&;V«PVALL( 08+1)] A
0 P N IS GREAT TR, HAN 30 a§z NORMAL Appagx W/ CONTINUITY CORRECTION .
rE1Y wNokM:z1<C (%25 (0.5xN))+(C.5x (N*0.5)
21 1e((KPOS+0.3 2674583530 12k iFaa 5
i3] BV«NOBRMCDZ Z A
54] PVI«1-(NORMCDF Z1) .
55] a IP PATRED SAMPLE TEST GO TO L17 FOR OUTPUT STATEMENT <
561 L&:PV3+2x L/(PV,PVI)) . -*
57 »(Pvasz .
597 NS: pvn+} 1)o Py, EV1 Pva
60 'COAPU Af TN E BASED ON A SAMPLE SIZE or- éuN&t'.'.DTCNL
€1 /ganazx OF Posrrrvx SIGNS ISt -xpé ), ufcihe B
831 Triz P ﬁALaE FOR HO:; M = ', (sMO),' VER Hi: M ', (BLOGICL(C-1);11),1 ! N
ou :ggg.' e AR TR PR N 1 ) 22 ! AN ;
65 7:1THE P-VALUE FOR COMPARINC THE MEDIAN OF raz POPULATION OF ! :
66 'Drrrz7zwczs g {aa TPOTHESIZED MEDIAN, T { .
671 'BO: i VERSUS H1: M(X- f) 3LOCICL(C-6):11),' ', (aMO), .
5\
: Lie-'woat5 You E}xz A cgnirnaﬂca INTERVAL FOR THE MEDIAN? (Y/N).',0TCNL ;
79 »38 =1Y1)/L16 .
72] a INPUT SIZE OF CONFIDENCE INTERVAL e
73] Lis:cce NPOT g
7% PHA« go CC)+200 "
78] *(WNN>28 M1 -
76 conpurznc CONFIDENCE INTERVALS BY EXACT P-VALUE A
78 SCDP<BINGH NN N INDEX POSITION OF CDP FOR ALPHR + 2 "
n -
79 s++/(§nrsacpaa) '
80 -> B>
81 )
82] =skrp .
83] & COMPUTING CONFIDENCE INTERVALS BI NOR AL A§ .
t3ud NORM1:ZILPHAA< g ORMPTE A R0% - s xwn -1 5 5
235i s 0UND .Au?HA ,aum o vzaazs “NTECER R Inczininy oy ik .
1867 I~ ZALPHA+ ) T
37! a TP SINGLE 3SAMPLE [ASE GO 70 & .
FH SKIP:+(€=2,3,4, 535cunar3 AND PRINT OUT CONF. INT. FOR PAIRED SAMPLE CASE :
gg L;;ORDD«DD CADD)
92 CI*ORDDEB] 1OBDDC(YY- (B~ 1)}} -
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y ’ -(8-1
gitqapggg%,qRD§5§§§DéNCE)}ﬁTERVAL FOR THE MEDIAN OF THE POPULATION IS: !

1 < MEDIAN s ',(sCI(2 v )t OTCNL
qgaqr&ég%gLv You eré CbNFIggNCg INTERVALS FOR A spzcr}}éo JUANTILE? (T/N
*&EH:'!')/Ri

-+,

ng&'znrza THE SIZE OF THE SAMPLE.'

81:'ENTER DESIRED QUANTILZ: FOR EXAMPLE: ENTER 20, FOR THE 2078 QUANTILZE.

*(éQUASO)VésUA>100))/EI

' *xxxx THIS TABLE CIVES CONFIDENCE COEFFICIENTS FOR VARIOUS INTERVALS !
'HITE*ORDER STATISTICS AS END POINTS FOR THE ‘',(wQUA),'TH QUANTILE.',0IC

NL
' PRESS ZNTER WHEN READY.!
88+3

+Nu
315;33803: TRE QUANTIZEZ VALUE MUST LIE BETWEEN J AND 100; TRY AGAIN.'
-+

V SPMAN:X:T: A Q:R:CHA;B38;3:PV
A THIS FUNCTION COMPYTES THE SPEARMAN R STATISTIC WRICH MEASURES
a THE DEGREE OF "GRRESPONDENCE BETWEEN RANRINGS OF TWQ SAMPLZS. THE :
avVALJE IS GIVEN FQR TESTING ONE AND TWQ-SIDED JYPQTIESLS IF AS"OCIAZ’ZON
A SUBPROGRAMS CALLZD BY THIS FONCTION INCLUDE: TIaS. IIESK, SPEARZ,
A INPUT, SFAPROX, INTERFP, AND THE VARIABLE PMAISP

A DISPLAY MENU AND INPUT DATA.
NI B*MENU SPMANQBJ

1
MONU MAZINQBY
B1:R«INPUT 2
+148

«1v(Q+1)4R
Ttg+rin
[} CAZL SPMANP T0 CALCULATE TRE STATISTIC AND ASSOCIATED P-VALUES
+(AL1)>
CHg*'IND%éECT'
L1:CHA«'DIRECT!
L2:Pre2xal2]
> PV$1)/ 3
L3 'SPEARMAN"S R El UALs- éuuA 1)),0
THE P-VALUE FOR ¥ : S TATION EXISTS V§x§ g
A1 3 v ASSOCIATION™ SIS IS: % §€C
'IHE P-VALUE FOR THE rﬁ SID D TEST OF HYPOTRESIS IS: ' 23 aren
'PRESS ENTER WHEN READY.!
BB+l
;Nl

V WISIG:A;B;D:E:F;PV2; 21124 DEN; NUMZ;NUMZ1:PVAL;X;M0;N; TPLUS; CDF; TALPHA: AL
Erb Tc{ fkj bﬁr bENT Db BV POS; PPOS NH; BVI : TPOS1 1 hNN; C PVM BY3I{R;QIND

A rars Fon fz ON b S tHE HILCOXON SIGNED RANK ﬂzsr 70, snzcazara raa TPLUS
R STATISTIC, P-VALUE, AND CONFIDENCE INTERVAL A TEST FOR MEDIANS

a suapgocaaﬁs CALLED'BY rars FUN crza INCLUDE: rrss wILe, NORMCDF.

A NORMPTH, CONFW, INPUT iND TZE 7aRIABLZ SMATRIY.

-
YLIMENY WISEELE
HOICES AND ROUTE FOR PROPER ACTIONS.
Nu g+gaorczw gégaunsnu ILOBJ
* ¢=6 3 /L9
¢=1 /ﬁ
g NU HAINQBY

ZB'AA# INPUT DATA FOR SINGLE SAMPLE CASE
X*INPUT 1
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D+X-MO
+L11
a PAIRED SAMPLE CASE
L9:A4«2
g:ff%UT 2
«1+(Q+1)+R -
I*}§+g)+& d
DDeX-Y
NNN+ocDD
+(C=9)/L186
«INPUT 4
De(X-1)-MO
a COMPRESS D TO REMOVE ZEROS
L11:4+(D=0)/D
“N 2 RECORD LENGTR OF A AND ASSIGCN TO N
e~
nvo: (2>0) REEPING TRACK OF POSITIVE SIGNS
-
n é TAKE TRE ABSOLUTE VALUE QF A; ASSIGN T0O B AND ORDER B
B AB‘
nP;SEPOSEg€p§§JDOSIMIVE SIGNS TO COINCIDE WITH PROPER POSITIONS IN B
-+,
“8¢1 TIES ! CALL FUNCTION TO BREAR TIES
A LA?E TP0S BY ADDING ACROSS ALL POSITIVE VALUES OF E
%585**"P25
QNM (L((s/ ;gEg)gIZE QF LEFT? TAIL OF PROBABILITY DISTRIBUTION
&
a (N>9)/531 GO IO STATEMENTS BASED ON LENGTH OF VECIOR E
A GENERATE NULLZ DISTRIBUTION FOR TPLUS
F*VIEP
A

OS FALL%)IN LEFT HALF OF PROB DIST CALCULATE PVALUE AS NORMAL

IF
Li'*(TPOSS(NM-"
WISE USE THE NECATIVE T STATISTIC

A
TPOS+§+/1N)-
: Ir QS IS l?RAC IgNAL USE BOTH THE INTEGER ABOVE AND BELOW AS TPLUS

"(("TDOS)
T LUS O%
Pl:PVel } TPLUS]) +F TPLUS+§ )+2)
{gg*(;f PLUS+1)+F(TPLUS+2]1 )42

E
NgN”SIPOS>O)/GO

PV¢1- g(TPOS)1

P2:PVI+F
C CX'*( OSIS(NM 1))/Lé

PZI+PV2
A COMPUTE NORMAL APPROX. W/CONTINUITY CORRECTION FACIOR
L3: TRAP«(Nx(N+1 }RA

NUMZ+{(TP0S+0.5
"ggf%‘ﬁffn 13%(22x~)+1))+2u)*o 5
z«nvmé

Z1+NUM DE
NUMMfUTE STUDENT T APPROXIMATION WITH CONTINUITY CORRECITION FACTOR

DENT*égENX(DE§*2)3+(N 1)3 (EENUM 5)%2)4(N-1

UIW
A

(romss 3333540243326 %

DENT ( gD *2 )*(N 1
IC+«(NUM-0,5 DENT
TC1‘ MBOLE AVEBACE & g Ic anp zc
T +/1N)+
5§;.sznégz§w EAHTT s mssmy reone

SECOND:PV+((1-(NORMCDF 21))}+((N-1) TDI TN rc1))4z
BT« ( (NOR NCDE ? - (N-lg fnrsrw 7C)H
6 PV’*ZX\L (2 I
;égvvs:)/Ns
N5: pvn¢§ épvr
" COMEU. Af aAsan QN A _SAMPLE SIZE or 'o(BN), . OTCNL
AL SUM OF POSITIVE RANKS IS: 1 po81), 1 obCNE
a’édA 2y/01 PAIRED SAMPLE rzsr Go o L17 FOR brpaf STATEMENT

E P-VALUE P : ' . -1
MO)é' 154 ,(HUgVM[g 1M1]) ng) YERSUS B1i: M ',(sLOGIC(C-1:;1]),' ',(®

Ly7 ZHE P-VALUE FOR COMPARING THE MEDIAN OF THE POPULATION OF !

:prpngzncrs 7o THE TPOTHESTZED HEDLAN, T { zoc:ctc - 11)1 () ipn .
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L38: WOULD YOU LIKE™A'CONPIDENCT INTERVAL FOR THE MEDIAN? (I/N).'
<+
+(BE=171)/L16 o

L16:CC+«INPUT §
ALPHA¢(100 CC) 200

-~ CNNN> g}/ E TO NORMAL APPROX. FOR CONF INT OF LARGE SAMPLE SIZE
NN
COFWILE N INDEX POSITION OF CDF FOR ALPHA + 2
CDF*(CDF*O)/ DF
fAuPHA*(?/SCDFSAL?HA))
(TALPEA /JUMP
JgPH -1
R COMPUTING CONFIDEN?E INTERVALS BY NORMAL APPROX. W/C.F.

1T TR P+ (NNNx (NNN
L3 ?E’NN (NI +13x(C2XUNE) 111826 )20, S

HA+(DENx (NORMPTH ALPHA
n QUND TALPBA DOWN IO INTEGER VALUE AND INCREMENT 3T ONE
TALPHA*LTALPHA
ﬂUMP «c N ) IF ONE SAMPLE CASE GO TO L7
L 2 :‘..,'

a LCULATE AND PRINT QUT CONF. INT. FOR PAIRED SAMPLE CASE
LS:CI*TALPE? CON

! CONFIDENCE INTERZRL FOR THE MEDIAN OF IHE '

-Popunarrbu 5% brrrsxz CES I§:7,0TC
f) 1 < "MEDIAN(X-Y) < ',(scIC21),! )',0TCNL
533555 EZNTZR WHEN ésany.

-y
ALCULATE AND PRINT OUT CONFP. INT. POR ONE SAMPLE CASE

a La
L7 CI+TALPHA CONFW £
ACNL( ce), CONFIDENCE INTERVAL FOR THE MEDIAN OF THE POPULATION IS:',

' (8cI[11),' S MEDIAN < ',(8CIC21),' )',OTCNL
é?egss ENTER HEEN éaon

+Nu
g

b
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APPENDIX E

LS:CHA«+'DIRECT!
57 V42~PVAL
PVs1)/L8

P +1
L?::KZNDALL"S B EQUALS ',(usT)

MAIN PROGRAM LISTINGS FOR MAINFRAME COMPUTER WORKSPACE ,
N
2
V EENDALLLAL4A:B:BX;81;C $6X45CTs b:pD; 1B DY;DXY;S;POS;NEC; XX 12X ; N; DEN;NN;NU v 0
VibVAL 80 AT IAY 1Q; 8
17 o i 15 VioN I coﬁpb ks’ FaECiehD ALL B SrArrerc WBICH IS A MEASURE
H 4 or tiSociastoq sE%u SAM LES. P-VALUES ARE GIVEN FOR TEshTNE ONE
3] a AND _IWO-SIDED ayporassrs TOR NO ASSOCIATION VERSUS ASSOCIATION. _
4] a SUBPROGRAMS CALLED 37 TYr5 FUNCTION INCLUDE: TIES, TIZSX, AENDAL?Z,
§] a_INTERP INPUT AND NORMCDF. ;
181 ReINEUT 2 ‘
g] g %0?Q+1§+R .
- n
%g; R ez CAX] ORDER Y IN INCREASING ORDER OF X X
§§: % exraxT ORDER X IN INCREASING ORDER
- -
f1u] o N COMPUTZ CURRENT RANRING OF 7 5
bS] «Aad
?igj it NOW ORDER Y RANRS IN¥N INCREASING ORDER N
18] a_ = rg ZIES EXIST IN EITHER X OR Y RANKED VECTOR USE MID-RANK METHOD "
19] Dp+1 TIES D
20] Xx«i TIES 2 N
213 FIND ORIGINAL RANRINC OF Y WITE TIES RESOLVED -
22 vr«gvcc] .
12u] a'ﬂaupumv NUMEE? OF DISTINGUISEABLE PAIRS ,,
25 NN«(Nx(N 3
;9‘ S p ol
28] a A osrrrve ONES COME PROM A RUNS UP CONDITION: NECATIVE 1 FROM RUNS DOWN !
23] 8 2RO IS SCORED FOR TIES. MULIIPLY THE RESULTS FOR EVERY ELEMENT AND SUM :
1] ai+§xx AA] iAA&XX;; -
2] gXe (XX AA+XX ) Ix("1)
3u] BY+ zr AA] AA+YY 3 _
35 gI(y AdvIT)Ix("1)
6] Dby N
7] ¥Tabx<hy -
38] POS+ DXI>0; _ J
39] NEG«{DXY<0)x("1) -
40] S<§,P0S,N 3
ui) *(AA<(N-1 /L1 N
42y a ) /s SUM FINAL VECTOR TO DETERMINE S N
uu] a OBTAIN TRE NUMBER OF TIES IN EACH VECTOR USING THE TIESR FUNCTION
4] a+rzzsx B
46 ] TESK D
i st
w9] A _CALCULAT gsi B _STATISTIC INCLUDING THE CORRECTION FOR IIES
30 f’ff (NN-SU)x (NN-5V))%0.5
521 »{N>12)/N08
53] = "pexen wp§ 350, KENDALP TO CALCULATE THE RIGHT TAIL OF THE CDF OF B
-
5§57 a CALL INTERE T0 CALCULATE P-VALUE BI INTERPOLATION
56] PVAL«AT_ INTE hy
§7 *(PVAL )/L3 )
t53] PVALe
33d . “'z* LATE 2 7ALUE 7SING NORMAL APPROX.
T3 NORM NN IxaT % axWN w3 .3 )
62 DBN¢(21é§2KN)+5))-o .5 “
63] ZeNUMD
€4] PVAL+1-(NORMCDF Z)
83 Zazp(g I gszrzvs PRINT OUT DIRECT ASSOCIATION. rey
e7] L2ha<t tnbiRECT "
€8] <07 ~
69
70 .
71 N
73 3
74 >
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'THE P-VALUE FOR HO: NO RSSO IATION EXISTS VERSUS!
Hi: ',(®CHR),'ASSOCIATION EXISTS IS: ',(usPVAL)

'IEE P-VALUE FOR THE ITWO- SIDED TEST OF HBYPOTHESIS IS:',(u4sPV)

: Y EROSEAL NUM.DENOM:A1Co8 DLR AR; 810D ELE NI OF LB PYAL LR SOFR: SRLTSOR CHA
o a ver2s MP f § 18t 0 KAL i rer szartsfrc ‘wRicE 1%
R A MEASURE OF THY za ENDENT SAMD
A A A IR And T HE BRI 0L K INDE INCLUDE Y88 rresk INDEXPLS,
s EOISTV, INTZRE KD e VARIABLES PMATKNZO PMATKN1, BMATRN
A K3y, PMATRWu1, PMATEWS?2, AND PMATRW4S.

P 5
B%é'EQTER THE NUMBER OF POPULATIONS TO BE COMPARED (MUST BE GREATER THAN T

K+

S(TE<a)v((112020))/E2
S({p&)>1)/81

a INITIALIZE VECTORS E AND F AND VARIABLE C
£+2+SOFR+o0

C+Q
ZEIS LOOP FACILITATES ENTERING THE SAMPLE VECTORS AND STORING THEM
[§HAI T FIRST!

P ERTER YoUR 1, (8CHA)," SAMPLE,!

2
+((pod)=0)/NEXT

oD
8 pvr CONCASENATE SAMPLES AS THET ARE ENTERED AND STORE THEM IN VECTOR E
g eis “'azcaxu ”BE LENGTAS OF TBE SAMPLES AS TBEY ARE ENTERED

+F,p0D
CHA+'NEXT
+(C<(K 1))/51
CHA+'LAST?
*(C<K)/u1
RECORD SIZE OF ALL SAMPLES WHEN COMBINED

+/
Y ORD%R fAMPEE SIZES LARGEST IO SMALLEST
D+ ORDER COMBINED SAMPLE VECTOR IO BE USED BY TIES FUNCIION
nAA+gA§%DINDEXP§S T0 INCREMENT INDEXES WHEN TIES OCCUR WITHIN ONE SAMPLE

] CALL TIES TO BREAK TIES BY MIDRANK METHOD
5831 IIES D

FUBDBOWONPWNEWNROL 41 LA LS8 4 )

M A A A A R.A 4 4. & x N A A S B 8 A AR

-
LGl e i i an an an o ax ol 2n an it sn BN on au o an an an an )

EFEFEFFOLOWWOWWWWWIINNNINNRRDRODRDPRRR R R R A SO IO EWRH

oW IMWL

TRIS LOOP CALCULATES THE B STATISTIC
M OF HANK FOR EACB SAMPLE IS CALCULATED
SR*+/BB£(F§C% §AA5¢ §%
RSR ?SR* ATE UM OP BANKS SQUARED DIVIDED BY THE INDIVIDUAL SAMPLE SIZE
IORE EACH CALCULATION
SOFR+SOFR,SR
*(C<K /L2
ISOR¢+/SOFR

E* fSOR!(12+ Nx(N+1))))=(3x(N+1
CULAT a WII& CORRECTION)}OR T'IES

A
NUM<(+ *3 +
. Ao
SYSTEM g ogocICXZ STATEMENTS ENSURE PROPER PROB. IS ACCESSED
'ROX

fA
L2:C+C+1

SUM ACROSS ALL SAMPLES

or

1>3))/PAPPROX

FONROOONAMEWNFOOO O EWN R OWO~IAWL £ WNH

POOORUNUBLIBVUWMNE EE & &

F{QF= 3 2 1 12)Iv{(A/(OF= 3 3 1 1))v(a/(OF= 3 3 2 &)

v

~
~
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é gg “ 3P1))v(A/(0?- 3 3 2))v(A/(OF= 3 3 3)))/P33
Af ROPR }rs VARIABLE ACCESS CDFP

0000"«“~0000000

Hhyor

NNNQ F e AW
ARty > h

D e W W W W W W W W W W W W W e e ey
D D
o
W :
~ege o~ FE Qe tn A
Q PO\ ety
M " ::3
[&T8)
g W
s
.
w
red
Al
R
NN
<'g0 <
S55S
‘u™y
Qr
ST

QOH O~
£
e &
>
[ SV N
o
TRTEL TR ™

3
] 2 L

Pzazptpnarxwzocf N-u);

Pg;ﬁp¢2narxw31c(n-s)::l

P3;:P¢Pﬂd?&ﬂ33[(ﬂ-5):;]
+PN

A A A A A S A A AB A A L
~

WNRREWNDHLODRDNG (n

e TREEE 1%
FFrvy vrYy vy vy vy vyrwyvy) o

CNNNNNNNNNNOOG O

89

~F LSS EEE

)
N

Ca?n o O (h oy Y LN VAR LS R L R N T L W VL TR Wl N N T PRI I
(M X WAL TN AN '\'& N L L A P PP LA ¢

|.l l’



+PM
Pu2:P+PMATEWU2((N-5);:

+PN
Pua-popuarxwua
;".PVAALL INT § ro &AlcaLarz P-VALUE BY INTERPOLATION

- EPVAL- 1{/ OUTPUT

a ALCULAZ " 2~ VALUE' USIN %’ W/ONEB LE’SS D.F,IN DENOM APPROX.
FAPPROX P (N-K)x ? (IV 1)-
PVALOI (((K-1),¢ N-K DISIN F? =

OUTPUT PVAL+'GREATER THAN 25 .
L : 'I'HB' H STATISTIC EQUALS: ', (usH)

:T?B‘ P-VALUE FOR BO: THE POPULATION MEDIANS ARB EQUAL VERSUS ‘!
" B1: AT LEAST TWO POPULATION MEDIANS ARE NOT EQUAL IS: ',(sPVAL)

CYT TR T W NN YW T TTYw Ty

S bR (0O WO UDD O WD W WO 00 G0 00 41 8D 43 OO €O 00 40 ~3
OO0 OOCWRNRMIEWNIOWONOWNEWNH OO

Pi;‘."P*PmUﬂuC(N-S): H
Pul:P«PNATRWS1{(N=-5);;
Q
1
2
3
m

+0
i EI%I; '"ERROR: YQU MUST ENTER A SINGLE INTEGER VALUE GREATER THAN 2; IRI acarl

V MANNWBIT: N 4 P72 A,a CiG3MM;NN:RX U NH1:P:NU:PYAL: NH: NUMZ : NUMZ 2 ; DENC? ¢

ALP B} ‘%gn bang‘ -.JAL? aB CC U102 2V N1 INN2 2V DIFE A5 au .
rats b %fok usé t bM o? RANKS PROCEDURE TO0 CALCULATE THE
MANN-WRITNEY U as IN COMPUTING THE P- ALUE FOR THE TEST
LOCATION AND SCALE Crggie. 1 é Mé g E SHIFT IN
LOCATION, IS ALSO COMPUTED. SUBPROGRAM CALLE INCLUDE‘ TIES TIES2
Dfugz LS. VARMW, MANWP, INPUT, CONFMW, NORMCDF, AND NORMPTH

'DO YOU WISHE TO COMPARE THE MEDIANS OR VARIANCES OF THE POPULATIONS?!
82" ENTER: 1 TO COMPARE MEDIANS: 2 TO COMPARE VARIANCES.'
f?igAzZ)A(AA:Z))llz

TEST TO COMPARE VARIANCE’S RE?UIRE’S TEE' TWw0 POPULATION MEANS'
'OR MEDIANS TO BE EQUAL IF DIFFER A _KNOWN AMOUNT, !

'1'38 DATA CAN BE AD. USI’ED EEFOBE APPLIING THB' TEST.?

t
EISJ:' ENTER THE DIFFERENCE OF MEDIANS (M(X) - M(Y)) OR 900 T0O QUIT).
: ég_D?FF)>1)/E3
H NULL HYPOTEE'SIS STATES - THE POPULATION VARIANCES ARE EBQUAL; V(X) =

DOPDPDD
Q.
=1

WHICE ALTERNATIVE DO YOU WISE IO ITEST?'

1
"z,)g' R; 1 FOR B1: V(X) < V(¥): 2 FOR Bi: V(X) > V(I¥); 3 FOR Bi: V(X)

Dz1)A(D22)A(D23))/EN
(xgﬂg NULL BYPOTBESIS STATES - THE MEDIANS OF X AND Y ARE EQUAL; M(X)

N == -

..

]

- i

WBICH ALTERNATIVE DO YOU WISH TO TEST?'
rga. 1 FOR B1: M(X) < M(Y); 2 FOR H1: M(X) > M(¥): 3 FOR Bi: M(X)

ao--uSt&

-]
,J?”"

?D:i)A(sz)A(Dzap/Eu
INTER JATA 7ECTORS
ENTER X JATA (MORE™ Z'EAN INE QBSZRVAIIQN I5 REQUIAED).

-
1

.

0

Yo
+(TooN3=0) /21

éN%ER 1 BATA.
" r P CALCULATIONS INVOLVE VARIANCES ADJUST X BY THE DIFFERENCE IN MEANS
CONCATENATE X AND Y SAMPLE VECTORS

AO-N N
NN#pN DETERMINE SIZE OF X AND Y VECTORS AND ASSIGN TO NN AND MM
nm- M
P gOMPUrE SIZE LIMIT OF LEFT TAIL OF NULL DISTRIBUTION
M- (Nﬂxux

ARUAREEEEFEE R F FLLGLIL WWWH WK NNV DR R PR R A O R TN WU F WK
NROOVBNAMEWNFHONGNNWM FUNKR OO OMNEW NDEROWVONCHAFWNDHOLA A A S22 2t

FYr v WY Y VY YT T s s vV Ty FEVTY WYY ey el T YT W T YTy Y T Ty
CAAA SR A LA NARALRASALA) CAAL) LAALRS LAAAS LA NS S S A NSRS N8
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ORDER A AND ASSICN TO B

C*%&N &Hz INDEXPLS A

G‘ rré L TIES FUNCTION TO BREAK IIES USING MIDRANK METHOD
A FthLSESCALCUZAT’ TEST FOR VARIANCES

“GG¢ Aﬁéé xlsﬁz T0 GENERATE RANKS REQUIRED FOR VARIANCE TEST
aGCALE TégSBTO ECORD TIEBS IN THE DATA AND BREAK TIES IN GG

-,'o.-.
FWNHROV®OIOW EW

UEATE SUM OF X RANKS
% TO MANNWBIT U STATISIIC

e

ss RX++/(GL(C1; (1-)§
Uzﬁg ((NNX(NN+1)§02)
>8°€22 OF X TIMES SIZE OF Y > 80; GO TO NORMAL APPROX

- -

*((Nung
NN1ie| /NN
NN2+ JNNIM
ngA%xg Sggg;ngl CALCULATES LEFT TAIL CUMULATIVE PROBS. OF U STATISTIC
Ty
(USNM GngL STATEMENT ENSURES ONLY LEFT SIDE OF NULL DISTr IS USED
CONVERI U STAT WBEN GREATER THAN LEFT TAIL VALUES

A
U#(NN MM)-U

] 3 I§ FRACTIONAL, INTERPOLATE P VALUE
Lg'*( 1|U /NON

Ry,

PV¢1 ((PLU2+11)42)

pi: PV«1 (EPCU23 02+1;§
Pacas ;(P y2+13+ptU2+2]
ngN *(v>0)/ca

s 2
P2 g{';} 27 (

C (515”M1%/Lu

-+
] COMPUT THE NORMAL APPROXIMATION W/CORRECTION FACIOR
L2: NUMZ U O.Si-

]
HME%N* HM+NN+1))*12)*0 S

-NM)
- EN M -2))- NOM- NN+MM~2
At 23 B 03 A A2 235 RS 23322 L2 33300

/S CON
PVI NORMCDF Z)+((NN+MM-2) TDISTN TC))+2
+?§1 O ) 3 S N M S I emnSSy F5232% 7c1)))e2

SECOND PVI¢§(NORMCD 2+ 1-((NN+MM-2) TDISTN TC)))+2
PV«((1-(NO %CDF Z1 g (NN+MM-2) TDISTN TC1))+2
Lu(PV3¢ 5

3
§:P (PVI,PY,PV3
2 }pTHE KS)IS: ',(8RX),'. ZTHE U STATISTIC EQUALS: ',(sU1)

LOGICAL STATEMENT FOR VARIANCE OUTPUT

'(AAE 3 VALUE POR go: M(X) = M(Y) VERSUS B1: M(X) ',(sLOGIC{D;11),' M(X)
IS. » (4BPVM(D;1]

=

A A A A A A B B AR RN LA A, L\ AAAS LAS S S S S 8 8 AR LAAAASSAADRNADRLD
3
H 'y ¢ SNt
< h &gmmgaQN
ZRXbuEX
aﬂig N
SR
(Wl e ]
Orv\ *
I
2

+L8
VAR:PVM< (3,130 (PV ,PVI,PV3

T79E $338° R BEIEVRY < vezy vemsus 31: vex) v, (spocIctosal.t v(D)
s, .\QUPVMCD.-.)

1

L gUBD YOoU LIK% A CONFIDENCE INTERVAL FOR THE SHIFT IN LOCATION(M(Y) -

o v,

*(BB-'N'
Li0: CC*{

ALPHA+(100- CC&

A ROUTE ORMAL APPR0X. FOR CONF. INT. OF LARGER SAMPLE SIZES

*((NMx2)>8o
nCDF P ﬁPUTING CONFIDENCE INTERVALS BY EXACT P-VALUE
L J
POSITI N OF VALUE IN CDF < ALPHA

a & A »

PR A I pA A D BN N AR EE BRI RA R A 1A BB g 1 B A 1 1 A A 13 1A DD 0 0D AD LD (D0 40 (0 00 €0 00 G0 60 00 00 00 00 00 11~ 3 3 1 I3 IV LA A OV D B Y OV LV LUV A AL

£EFFUWWWWWNWWEW WML DN RNNNRBHRE RSB R R O0000 000000 WM~ £ WRNROWEAU £ WA OWIMN £ WNMH OO O I0Hn

NROVONOAMEWNN OWww

' T e i e b g 5 S N KLY, B 4
. .
FYr YT YWY YwYY Y Tr T Y Ty rvs v iCwwwy (20 30 20 S0 2 Sn n BN B An an BN Bn Bm on En B mn e BN G0 BB B A BN B SN BB BS S An Ba an an gn an e S 2nSn an Sn Sn mn Sn SR SR anan BD Un SN S BN AR BB e an anmn B An 2n am an mm am am me gn ]
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L UMY R R R AR R R A B R R R R AR A O A A A R A OO T oo 840,04 408 Sap el ‘el Vel ?

+~L6
a MPUTING conrrvzncz rnmzxvnzs USING NORMAL APPROX. W/C.F.
LS: UALPHA*(DENOMZ x (NORMPTH J+NM=0.5

A OUND UALPHA DOHN AN INCRERENT BY ONE

INDEX+LUALPEA

L8 rpx« DEX

cr bu

[+
é g ! PERCEN? CONFIDENCE INTZRVAL FOR THBE SBIFT IN '
' LOCﬁ ION 'BETWEEN POPULATIONS X AND Y IS:

» ( 1.(3CIC11)," S MCT) - MCX) s ', (8CIC2]),' )
Fi%1ERROR: THE SIZE OF X0UR SAMPLE IS LESS THAN TNO: TRY AGAIN.'
Eg??EHROR: YOU HAVE ENTERED MORE THAN ONE VALUE. TRY ARGAIN.'
P371ERROR: YOU BAVE NOT ENTERED A VALUE OF 1 OR 2: TRY AGAIN.'

+32

E&::ERROR: YOU HAVE NOT ENTERED A VALUE 0F 1, 2, OR 3; TRY AGAIN.!
+{A4=2)/N2

+B6

BALAESIS LA EA 1A 1A 0 1 13 1 1 10 10 IS Bh 0h 3 A0 1 b b

COOOBOHROBLMUIIVLLILWIEEEEE £ £
0~ 1N E W O 00 N0V £ WA OO 0N £ W

9 NPSLR;N:SUMX;SUMY: XEAR TBAR; SUMX2: SUMX* 834 :WW : XX ;3810501 ALPHA:Ps CC;CDF
TALPQA N ot SLOPES: 3B SR 27 ; DENOM: INDEX 721 % .7 Q3 R:CHA P

a _'PROGRA Vénnbc*s NOﬁPAé trxfc uzvaax chxsssfoﬁ THE 'tAsr SQUARES

'Ia I

ES"TMATSD R_GRESS QN LINE oMPUIZ I-H IPOTEESIS ”’ST-.
a CONFIDENCE INTERVAL AVAILABEE FO 73 E LOPE 8, IF B ES

THE C.I. AN AL ERNATE REGRESSION LINE IS PROPOSED SUBPROGRAMS CALLED
nnégzé SPMANP, KENDALP. NORMPTH, INPUT, AND CONFLR.
-

s
Q

INPUT DATA

R«INPUT 2

*(Q+1 +8
Z#%Q+1 )+
N¢ x ASSIGN THE SIZE OF X (AND X) TO N

p
[ COMPUTE TBE SUM OF X'S AND I'S
SUMX«+/X
SUMY<«+/Y
A COMPUTE THE MEAN OF X AND Y
XBAR+SUMX+N
YBAR«+SUMI N
A COMPUTE THE SUM OF THE X'S SQUARED
SUMX2++/(X» 2)
“SUHX! . X COMPUTE THE SUM OF X TIMES Y
-

A i é SLOPE OF TRE ESTIMATED LEA§T SQUARES REGRESSION LINE
B+ (NXSUMXI) zSUMXXSUMY ?%( Nx SUMXZ)- SJMX
] MPUTE E Y-INTERCEPT

%;IB%R (BxXBAR
' THE LEAST SQUARES ESTIMATED REGRESSION EQUATION IS: !
; Y= 1,(s4),' + ', (8B),'X.!

'DO YOU WISH TO ENTER SOME X VALUES TO GET THE PREDICTED Y''S? (I/N).

*(VH-
L%:'ENTER é VALUES.!

] CALCULATE PREDICIED I'S

YY+A+BxXX

'raz PREDICTED Y VALUES ARE: ',(3IX)

waOULD YOU LIRE TO RUN SOME MORE X VALUES? (X/N).!

L
‘(VV"")/EZ
'HOULD 700 LIZE T0 TEST 3IYPOTBESIS ON 3, THE 5LOPE OF THE EQUATION? (I/

SRR 0 0. 000 0 30 BN ER BN Gn A e Bn Jn BN N R S Bh BE N b 20 S e gn Bt [0 S au am 2w
ARy ey R et By B Sy eI B B Iy e e e By B s, . SN

ULV EEFRE FEEFEEE

.’
éNEER IHE HIPOTHBSIZED SLOPE.!

COMPUTE O'S
" gey- (BBxX) o
CHA+!> !

] CALL SPMANP TO COMPUTE REHO AND ARSSOCIATED P-VALUES.
*§0[1§>0)/L11

CHA+

L11:PV«2xD(2]

N EWNROWOBNNM K FuNI-lOlom\la“a‘UNPO(DOQQUFNNHO‘OO\IOUI:NL”-'O‘—A-I—A-A-A-A—LA—J

“AAAAAA LR SRS, LAAALANSRARS AR NNSAARRSSALSSALRRANIRRS
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IR

o e

*é£¥$1)/519
E}Qi' SPEARMAN''S R EQUALS: ',{(usD[1])
'?H?ugsggggg POR BO: B = ',(sBB),! VERSUS B1: B ',(®CHAL{1 2]),(®BB),! IS:
v !
:TQE P-VALUE FOR THE TWO SIDED TEST OF HYPOTHESIS IS: ',(4sPV)
P USING THE NEW RECRESSION EQUATION BASED ON MEDIANS, EXIT HERE.

A
53'*(83"3')/
A UTE CONFIDENCEZ INTERVALS ON B
'WOULD Y0U LIKE CONFIDENCE INTERVAL FOR TBE SLOPE? (I/WN).
-

Wi

+~(WwW="'N')/0

Lio: CC*INPU 5

A NGE ENTERED VALUE TO ALPEA

ALPHA+ (100 =~CC)+2

RQUTE TO NORMAL APPROX. POR CON¥. INI. OF LARCER SAMPLE SIZES

Q
+(N>12)/L5S

[} COMPUTING CONFIDENCE INTERVALS BY EXACT P~-VALUE
P*KE%DALP N

.
WY WW W YYEE WY YWY,

WM INIININNINPOROROOMm OODUA

4.7 POSITIgN OQF VALUE IN CDF < ALPHA
INDEX*(+/(CDFSA
;(I 0)/L

4'1

FONHOWONMNFEFWNHROWVONOMEW NHLOWOo

0

a NG TERVALS USING NORMAL APPROX. W/C.F.
25 pEnone TN R G TR R e CE Sx

TégPHA*DaNOMx(I\NORMPTH AL2EZ

-

L5:7AL29A+203 s INDEX]
Z9:CT«X CONFPLR 7

NN<1+CT

SLopBSt1scr
aggh(cﬁn-rAzpaA)+2)

MPUT CONFIDENCE !8
233

BB+
L29: SR*V(*+((NN+TALPHA)+2))
*\SRS(:SuOPVS))

SR+05L opas
21 ' PERCENT CONFIDENCE INTERVAL FOR B, THE SLOPE OF '
] raz EérrMArtv REGRESSION LINE, IS:1

’
( ',(3SLOPES(RR]),' < B < ',(¥SLOPESLSR]),' ).!

{ QUTSIDE gg CALCULATE NEW EQUATION BASED ON MEDIANS
n* (B2SLOPES[RR A(BSSLOPES&S%A (s

W W WWTW W W W WYY WY

WO DO DD WD WD) WD) 60 GO GO 0 00 QO

x«x i
Yo
HECK TO SEE IF THE SIZE OF SS IS BVEN OR ODD FOR FINDING MEDIANS

® e ((2TNNY= 0)/51 COMP r! MEDIAN FOR ODD CASE
a«sLaPEst((NN+1g

HREEO0000000Q0WM~INW FWNKROWNH IO

20 20 20 B0 BB S5 BN ma Sn Sn b 25 Bn En an an an |

A UTE MEDIAN FOR EVEN gAS
Si: B*(SLOPBS (NN* ;+SLOPES ((NN+2)+2)

+2
§2:f§(22 R THE X AND Y VECTORS
YBAR+Y 25N+1§+23]

{gﬁg«x N+1)+2
TG
MPUTE N NTERCEPT TAt

R

ouT: A*IBAR (BXXBA )
'THE LEAST SQUARES ESTIMATOR OF B LIES OUTSIDE THE CONFIDENCE INTERVAL.!
'DISCARD THE LEAST SQUARES EQUATION AND USE:

= ',(8R)," + ',(8B),'X !

THIS EQUATION IS BASED ON THE MEDIANS QF THE X AND Y DATA AND
"'E"NVE’DIAN OF TRE TWO-POINT SLOPES CALCULATED FOR THE CONFIDENCE INTERV
3

~

t
1
LI ]
]
]

PR b AR AR A b b R b A 4 A A A A R B R 00

WWWW W WWNRRRNRRNRNNR P 50 pd b g
WO FWid B OWIU EWN K OW~INK £ W

FEr v Yy s 31 (VU Yy YTY Yy

L oad)d
T oa ALLOW _JSER TO DO ZOME ANALISIS ON NEW EQUATION
3 “tpo Y00 wrsg 70 ENTER SOME X VALUES TO GET REDICTED Y''S FROM THE NEW E
UA@ION? Y/N).
F -'I')/LZ
] 5%
+L1
v
93
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FEFLOLWOWWWWWWWWRRNBINDRNRNRIDPB R R PR R B O OO FLNE
NHOOONOUNEWNROWVONOMEWNROWVO IAMNEWN HOW i s s s s sy

&
[A)

A A A A A S A RAAR AR, AR A s ) LAAAASSARASSAANARAAARARRRLAS AR AR BRA 8 4 AN A AN 8 A 4 4 B 4 A A S K &) LA
[y a a_n

r 4
o

S ANy VOOV OBV £

FYErYy T Y Y W W F Y VY YW 3 VWYY Y N YT Y Y N N Y YW NN TRV YW WY WYY Y W YWY VY Ry

9540 00 00 00 00 00 ~3 ~I IV~
PV ELNROWRNANEW INIOWLON COUMEWNROWVLONNULM FWNROW

V SICN:ALCiBi D EYAL;X N0 LN LCOE ALPAA;CI,Y ;AR BE;CC;DD; PV; PVI; NNN  KPOS; 0RD
YIi0R 84543 kAL o§bch

s FUN oﬁ bs us é k Iwﬁay SI& TEST ro CALCULATE THE X
srnrzszrc p-vazuz AND co NFIDENCE INTERVAL AS A TEST FOR MEDIANS.
5555335’53"152’}:’éé‘ﬁz%sé’éﬁ%zésﬁcﬁﬁﬁoznfoi-'?%”“ INTERVALS OF
§03§§°ﬁ§§”§ iﬁgLED B5Y THIS PUNCTION INCLUDE: BINOM, NORMCDF, NORMPTH,

PDDDHD

DID YOU ENTER THIS PROGRAM FOR THE SOLE PURPQSE QF GENERATING CON
FIDENCE INTERVALS FOR A SPECIFIED SAMPLE SIZE AND QUANTILE? (I/N).

Wi~
+(WW='1"') B
' THE NULL HYPOTHESIS STATES ~ THE POPULATION MEDIAN (M) IS EQUAL T
? ?EB HYPOTHESIZED MEDIAN (MQ); HO: M =
: . WHICH ALTERNATIVE DO YOU WISH TO TEST?'
33:' ENTER: 1 FOR H1: M < MO; 2 FOR B1: M > MO; 3 FOR H1i: M = MO.
<?c=1)A<c=2)A<C*=)) .
B2: ' ENTER: $6E E10633-sanpLe PROBLEM; 2 FOR PAIRED-SAMPLZ PROBLEM.'
<
E(AA‘Z)A(AA=2))/72
AA=2)/

INPUT DATA FOR SINGLE SAMPLE CASE
X*INPUT 1

NNN<o X
MO<INPUT 3
D«X-MO
*u.a..A.
ug R*gNPUT 2

+ +(Q+1)+B
Y« (Q+1)+R
DD+X-1
NNN<o DD
MO<INPUT u
De(X-Y)=M0

12:4«(D=0)/D
N+pa
KPOS¢+§5A>0
+(N230 NORM

PVAL«BINQM N
*§K£05>0 /P1

PAIRED SAMPLE CASE

COMPRESS D TO REMOVE ZEROS
RECORD LENGTH OF A AND ASSIGN IO N
REEPING TRACK QF POSITIVE SIGNS

D DL

+P2
PI:PVI*I-PV€£55§2§;]

P2£PV¢PVALE
IF CREATER TEAN 30 USE NORMAL APPRQX N/ CONTINUITY
NORM 21«2( -0.5)-(0,5%¥) 2 G aTE5S /¢ CORRECTION
.5 -(0.5 N)3+<o.5x N*0.5))

PV*NOR
nPVI‘1 N08¥CDFAIRgD SAMPLE TEST GO T0 L17 FOR QUTPUT STATEMENT
L§(5V3+2x5b/(PV WPVI))

Vi«
NS: PVM¢(3 (PV,PVI PV3)
'COMPUTAfIO S ARE BASED ON A SAMPLE SIZE OF: ',(®N)

'THE TOTAL NUMBER OF POSITIVE SICNS IS: ' ,(®KP0OS)
*(AA 2)/L17

'THE P-VALUE FOR H oy M =1, »! VERSU : ', : Y,
’. Bt LSe35 (sM0) ERSUS B1: M (sLOGIC(C;1]) (sM0)

*E
L1 "THE -VALUE FOR COMPARINGC THE MEDIAN OF THE POPULATION OF '
'DI?FERENCES T0 THE BYPOTHESIZED MEDIAN,

"§0: M(X-7) = ', .8M0),’ YERSUS F1: M(X-I) L{BLOGICTC LIy, T, M0, ', IS
N ‘umPYMTS: 1l

L%&i'”OUED YOU LIRE A CONFIDENCE INTERVAL FOR THE MEDIAN? (X/N).'
+(BE=1Y')/L16
UANT
a INPUT SIZE OF CONFIDENCE INTERVAL
L16:CC+INPUT §
A PHA+(100-CC)4200
NNN230)éN0§gTINc CONFIDENCE INTERVALS BY EXACT P-VALU
CDF‘BINOH NNN E
INDEX POSITION OF CDF FOR ALPHR + 2

B‘#/(SDPSALPBA)
+(B>0

94




B+l
+SKXIP
A COMPUTING CONFIDENCE INIERVALS BY NORMAL APPRQ
NORM1:RALPHA+((0.5x(N .5))x(NQRMPTH ALPHA )+(0 SxNNN)-0.
A ROUND RACPHA DOWN -O NEAR~SI INTZGZR AND INCREMENT I ON E
B+ KALPHA+1

IF SINGLE SAMPLE CASE GO T0 L7

Q
SKIP:+(AA=1)/L7
A CALCULATE AND PRINT OUT CONF. INT. FOR PAIRED SAMPLE CASE
LS: opomovrwo1

77+0030D

:«oaoora .oxnur<y"-(a-
T 8CCY, ' PEACE courrbEch INTERVAL FOR THE MEDIAN OF THE !
-pobuaarrbn OF DIFFERENCES IS:

! ( ".(®cIL1]),' S MEDIAN(X-Y) < ',{(sCI[2]),' )

a CALCULATE AND PRINT QUT CONF. INT. FOR ONE SAMPLE CASZ
L7 :0RDX+XTAXZ

+~oQRDX
CI*ORDXLBQ ORDXQ(VY (3-1))1
'3 - XCV,.- DPEXCENT ZONFIDENCE INTERVAL POR TEE MEDIAN OF THRE POPULATIO
( t,(sCcIC1]),' S MEDIAN < ',(sCI(2]),' !
ngyr:'VOULD YOU LIRE CONFIDENCE INTERVALS FOR A SPECIFIED QUANTILE? (X/N

1 Wl
] z(ww=171)/81
3 3u: &VQMEE OESIRED 5AMPLE SIZE (SINCLE INTEGER 7ALJZ:.!

NNN)ZQ)/E

N
2é INN)>1)/EU
51 "E TER DESIXED QUANTILE; FOR EXAMPLEZ: ENTER 20, FOR THE 20I3 QUANTILZ.

*(%QUASGDV(SUA>100))/EI
qﬂy QUANC QUA

'TE*T** THIS TABLE GIVES CONFIDENCE COEFFICIENTS FOR VARIOUS INTERVALS W
:OQDER STATISTICS AS IBE END POINTS FOR THE ',(sQUA),'TB QUANTILE.'

RN QRN DNRHPIHIAE BEEE 00000000000 IR EWNROWLO~)

+0

E}::ERROR: TBE QUANTILE VALUE MUST LIE BETIWEEN O AND 100; TRY AGAIN.!
+81 .

E?:;ERROR: YOU HAVE NOT ENTERED R VALUE OF 1 OR 2; TRY AGAIN.'

+B2
E?::ERROR: YOU BHAVE NOT ENTERED A VALUE OF 1, 2, OR 2; TRY AGRIN.!

+B3
E?::ERROR: YOU BAVE NOT ENTERED A SINGLE, INTECER VALUE; TRY AGRIN.'

+Bu
" 9

[an sn 20 2n an sn an oo an o an b an an an BN o nn SN ae sn TN an an on ol BN an i sn N on an an sn BENES an v Bf on on anlon on au mn Sn an'an n an A on anan an an an
P A A b R bA pb pA A b BRI PAIARA  BAE ARSI EA A 1s  FA R AR D b b 1 1 1 1 1 DD W D DD AD WD (0 WD 00 B0 60

v SPBARMAN x r a; 3 RyCHA:P
1] s THI lot SQs].] coupbrgs THE SPEARMAN STATISTIC WEIZE MEASUEF”
2] a THE DEGREE or CORRESPONDENCE BETWEEN RANEKINGS OF TW(C SAMELFS Tir :
3] a TVALUE EN_FOR TES ONE WO-SIDED BIPCTEESIS DF Rcs-”
u] a SUBPROCRAMS CALLED BY THIS FUNCTION INCLUDE: TTES, TIPSR, srRiiR
g axrrpart SPAPRGX, INTERP, AND THE VARIABLE PMATSE <
-
7 +14
8 §¢1¢?Q+1)+R
9 +«(Q+1)+R !
131 o  7ALL SPMANP TO CALCULATE THP STATISTIS NI LSS -IiTRo T !
il iei CDUANP !
TSI
Y137 Cgae T INDIREZT i
iu -» {
1s aonnrﬂgcr'
16] L2:BVe2xA(2 1
%g ; PVYs1)/L3
%g L3: 'SPEARMAN"S R EQUALS ',(u®A[1.}
21 'rax P-VALUE FOR ao NO ASSOCIATION FYrs=c vrr:
223 (-csx?,' AESCEIATITA R - .
%2 -rsx P-VALUER FPOR THE TWO-SILCED TEST  F F™: "kr -

; | <
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R T OB AU e G D
e R A e 32

|
E‘ é m ﬂ’OHﬁIMS}“ {“fl’ .Mfgl WWIO. NEDIAN (M) IS BQUAL T

7

¢ ! VEICE ALTERNATIVE DO 200 VISR £0 TEST?'
3 t* BWEER: 1 POR Bi: N < NO; 2 POR Hi: M > M0; 3 FOR Ni: M = MO.'
(c-nn (3}
’ A e bR 34 s sanpcx rroBLEM: 2 PoR PAIRED-sANPLE PROBLEN.

* ds1)2(0ae2))/02
.. Y
Eigi . ', . INPUT DATA POR SINCLE SANPLE CASE
[ ¢ ’r

i G PAIRED SAMPLE CASE

o 2 &+ NPOT 2

; el 901 R
e o\io e
N .q -
i M g 1
' 3. .gfti-gftgé CONPRESS D TO RENOVE ZEROS

i L11:4+ (D=0 )/D

I RECORD LENGTE OF A AND ASSIGN 20 N

4
¥C TRA 3.
tsg: “poee (250 ZZEPING TRACX OF POSITIVE SICNS
_’5‘ .fiif PARE THE ABSOLUTE VALUE OF i: ASSIGN T0 3 AND ORDER 3
. a2
:} .’030’0;!2?713 POSITIVE SICNS TO COINCIDE NITH PROPER POSITIONS IN B
e CALL PUNCTION £O BREAK TIZS
oy o LY¥ TPOS BY ADDING ACROSS ALL POSITIVE VALUES OF §
oy e
. TZR OF LEFT TAIL OF PROBABILITY DISTRIBUTION
. Me(L((e/10)02) )1
STATENENTS BASED ON LENGCTE OF VECTOR ¥

.
a
*(i>168)/L3

. GENERATE NULL DISTRIBUTION POR TPLUS
n

[

";j N
o Lh Il gg LEFT BALF OF PROB DISYT CALCULATE PVALUE AS NORNAL
USE THE NBGAIIVE T STATISTIC

Se>(+/1N)-
. S h I%#L USE BOTE TBE INTEGCER ABOVE AND BELON AS TPLUS
Sei
- g LgSi TPLUS+ ])02)
.éim LUS+2)
$>0)/60

3 :gx.~<££észs(3u-x))/zc

1, g'ﬂ': vgnu.. ~PPROX. 4/CONIINUITY TCRRECTICN PACTOR
‘‘‘‘‘ - - . .¢

?
’i’ » .(Iﬁ *d s% m
ﬁ iggo égng 2 2xN)+1))e24u)=0.8
i . §;' r ufnoxzmmn VITE CONTINUITY CORRECTION FACTOR
l; il R AR R AHIR
$ ¢ ,'giglacf } rc amp zc

¢

VW B l.?




rYTwTTw U Tl YT Y YT T T Y T TW Y YTy VY VYWY v vy

by */lN 022)

RGP R U T mysmy w0
ifiiv 5§§4§;vzgxggvz<szzz+;s tsbd B
" §V§’§31335§Pv PRASEY om 2 sawerz srzm or: v, cem)

:f?! TOTAL SUN OF POSITIVE RANXS IS: ',(®TP0S1)
¥ PAIRED SANPLE TEST GO TO L1i7 FOR OUTPUT STATEMENT
i%ulpgg?c N 3 ',(sNO),' VERSUS Hi1: N ',(8LOGIC(C;1]1),' ',(®NO

O COO0O0OWBIRWKEL

FWNH CODIOWNM FW-

-

51
L17:'TOF 2-VALJE POR COMPARING THZ MEDIAN OF THE POPULAZION OF '
'DI!PERSNCES T0 TBE BIPOTHESIZED NEDIAN,'

(3M0),' 7ERSUS d1: M(X-I) ',(8LOCICIC:;il),' ',(sMO),',

‘g0 8
;:'.(uupvu c; 115

L}g;'voazn YOU LIXKE A CONFIDENCE INTERVAL FOR THE MEDIAN? (XY/N).'
-(3 z'Y1)/L18

Z18:cC0eINPOT 3
AL PHA’\.OG Co)e

PRGN ) i+ $0°NORMAL APPROX. FOR CONP INT OF LARGE SAMPLE SIZE
n EGMPUTING CONFIDENCE INTERVALS BY EXACT P-VALUE

CDF«NILP NN

INDEX POSITION OF CDF FOR ALPER + 2
TALP A¢(¢/§CDFSALPHA))

;(fé PHA>C )/ JUMP

~JU,

Q Q
BT *332;~£ e e
5 % FBR DOWN TO INTBCER VALUE AN ;NCR MENZ BY ONE

[T YTy S TP PY YOy Py S vy
'y

GHANNRRNPIRNIRNRMNN I R R RN 10000

EWNHROOVBNRNR FWNFHOO®IOWNEWN QOO I EWNDROWM: A
»

AL AANSS AL S AN ANBS \anaaAy

NFIDENCE INTERVALS BY NORMAL APPROX. W/C.F.

n
TALPBA+LTALPEA

L7:CI+TALPRR CONFW X
iAIé:"CC »' PERCENT CONFIDENCE INTERVAL FOR THE MEDIAN OF THE POPULATIO

A 1rr owE sanprE casE co ro L7
JUNP:+(AA=1)/L7
2 CrerALP Azcugarz AND PRINT OUT CONF. INT, FOR PAIRED SAMPLE CASE
H -,
iy er ONPIDENCE INTERVAL FOR THE MEDIAN OF THE !
;pqpbz;if k oz D ?!zxgnczs Is:
' ¢ ',(8CIT11),' € MEDIAN(X-Y) < ',(sCI(2]),' )»'
*0
" CALCULATE AND PRINT QUT CONF. INT. FOR ONE SAMPLE CASE

( *,(eCI(1]),' < NEDIAN < ',(sCI[2]),' )
ERROR: YOU BAVE NOT ENTERED A VALUE OF 1 OR 2; TRY AGAIN.'

ZRROR: YOU BAVE NOI ENTERED A VALUE OF 1, 2, OR 3; TRY AGAIN.'
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APPENDIX F
LISTINGS OF SUBPROGRAMS BASIC TO BOTH WORKSPACES

BPROCRAM OF TBE SIGN TEST (SICN). IT CALCULATES

;g NOHIN N}P:X KbCD!
S; 233 SINO MAL WHEN PROBABILITY = .S. N=SAMPLE SIZE. :

WV E W

gsn««(cxvu>=<r-x)x<<1-p)*n-x)

1 V 0«0 CBIN R

2 A FPUNCTION IS A SUBPROGRAM OF CONFIDENCH INTEHVAL GENERATOR FOR
3 A Iﬂg Q H _QUANTILE. IT RETURNS THE VALUE OF THE BINOMIAL CDF AT R

Y A WITH N,P=L WHERE N=SAMPLE SIZE AND P= PROBAEILITI.

Lé1

g;(*\(( 19124002101 0013 )% (002 %7141 140020 )% ((1-L02])»L(1]-"1413+L023))(R+
g

VY CON+XX CONFLR YlkBBéSS sAA:A:XR3 YR8

gg?gé[éﬂ]-IREC])+(XXEAA]-XECCJ)

L3
oﬁi pssg)(sstASSJ)

1] a azs crzo é k kAM o? ﬁONPARAHE TRIC LINEAR RECRESSION
Z 2 7 455 { Efzz =X 2Lr gLOP’SHAREIgRDEREDIANg

4] a sgb fo ?IND rit ébNF Nézlrnrzxvfz 503 g raz ELaPs OF ESTIMATED

5] » EQUATION. E AND 1= Y A s

7 nagzcgﬁv THE SIZE OF XX AND INITIALIZE VARIABLES ' -
g ¢ 0 [~

11 », THIS LOOP COMPRESSZS XX AND YY DOWN TO WHERE THE XX < ALL OTHER XX'S
13 A‘Qﬁf A‘a <XX)

4] XRead

%g R«A ¥1

17 E‘% 0)/L3

18 zlrars LOOP CALCULATES THE SLOPE OF EACH PAIR OF PAIRED DATA.

21 .

22

23

24

25

¥ CONFM+AA ganrnw BB:A:8:C;D3E:F;C:H
A TAIS FUNCTION fs bab dGRAN OF TBE MANN-WHITNEY rzsr éMANw).
n IT COMPUTES CONFIDENC s INTERVAL ENPOINTS FOR THETA, THE §
Berwazn X AND Y. AA=INDEX POSITION OF C.I. zwpazwz.
R BBE=COMBINED DATA SAMPLES.

“Ao a A$SIGN SIZE OF X VECTOR TO A; INDEX POSITION FOR CONF INT TO B.
a““ L—4
ASSICN X VECTOR I0 C: I VECTOR T0Q D
prre
Y
[ ] CEﬁg] REORDER X AND Y VECTOR VALUES TO ASCENDING ORDER
CY
+D
“E* o INITIALIZE VECTOR B AND VARIABLE F
]

Fel
INNER AND QUTER LOOPS CALCULATE ALL POSSIBLE DIFFERENCES; EVERY Y
“ ELEMENT MINUS EVERISX ELEMENT. H VECTOR STORES THESE DIFFERENCES.

Eéigtg[FJ-CCG]

VYT T TY s 4Ty
PONIIS -0 1 4 b b 43 13 03 1040 00 ~ LDV E WIN-




T .
e hr o

ol -

s
e

D B

s
£ )

PRy

S W P
v f&f\ o

+*
b0t s?nc))/zx

< (pD
.('t‘;]’}f5§pta & VECTOR VALUBS IO ASCENDINGC ORDER

ga,,u.,:fgpgf({Pg§0P§IA§§Jcanr INT VALUES FRON 2

RRMNRININ
OBINW £ W

£ oF 42 FLiEs "0 LAF) gt 0

START B ACCUMULATION VECTOR OFF NITE ORCINAL VECTOR VALUES

' {"%ﬂi TR e

a_ QUTSIDE LOOP INCREMENTS D AND REZSEZS £ IO D
L2:D+D+1

FYTrY YT T T T T TTy)

NI 113 pb b 134513 H D00 IV E W

D
na¢§ﬂ 503 LOOP CENERATES NEXT SET OF AVERAGES AND CONCATENARTES TO ORIGINAL

14
c D}+Ctxl)02

L}‘

‘(3<(nC)) z?o”rf”az INNER LOOP UNTIL £ EQUALS THE SIZE OF ¢

’(D<((pC) 1)§73 QUTER LOOP UNTIL D 2QUALS TBE SIZE OF C LESS ONE
ORDER FINAL ACCUNULATED VECTOR ®

Begcan]

DEX CQNP INT VALUES OUT OF §
gant«ata: 8[((08{ (a-2 g]

FWNHROWOVRNAWME WNRPOIL A AL LAL L)

A A A A s A 8 A A B ) LARAY

HALLIS T!z }KRHL) AND
UHU ATIVE PROBS.

V P«DF FDISTN s BM: Rﬂfﬁn LN SH N H2§
FREEDOM.

A THIS P Ncr§bﬂ ré UBBROGRAM 0
a THE STUDENT nzsg § DISTNY. IT CA c LAT
a OF X USING THE ISTRIBUTION W/ D

[ 'AXES VECTOR ARG.
izx xX{N*ﬁX;H;lQDF +~14DF
A TB% T fgl 1ST. FOUR SPECIAL CASES. .

>g! 10 sM
Lii: Pot 104w%0,5)4042
L12:Ped#0.5 S
0
zgazrtz-(1-4)~o.s
L22 Ped

] BEG N THE GENERAL gASES. INITIALIZE TBE QUANTITIES.

Lsggﬁ 11"’2%ﬁ°/aﬂt £’° xN-2

«{BN=0 z BRNSLN+[N2+0.5xN-2
R PRRAT SR CASE N-EVEN PIRST.
+NODDx11=2[¥

Eﬁfi+¥7;e?1 A)e ., x14(T140.95xN)+1N2
- . . !
+MEVEN

NgDD'*MEVENx 1=N

Ne (1
3g¢§£055 PORTTON OF SN TEAT DOESN'T CHANGE ¥/ M ODD OR EVEN.
x =
S «sn—1+¢/x§(1-A)- SX142XH24142X1 LN
TRPAT THE H-ZVEN SUBCAS
T HE2 ) T2 | M3 /MEVEN . Se20LE
$N+5Nxx/*°+2x\M2

MEVEN
[ rxsar TEB M-0DD SUBCASE
S
-
N+ an/1+0 142%10,5+M2
VE. '*MODD!\i 21M
+ENDx+
She ++/X\A- x1~42x1N2

a EEXT rﬁgag_rg iEZCIlg’CAS S RR oDD-M.

<t~

Lo g0 mm_sn. jn /0 0 0 B S B B A A BB S B B A S BB B B B B SIS I B A BT B T
EFEFEEFE FWWWWWWWWWWIINOIN NN NI A -2 2 b )5 b b 53 3 10 (0 00 S VU E WO
WNOVWMEWNR OO FLNHROWBNIOM EWNHROWVONOWMEWNHOLAALAARL AR AL

A A A AALAAALAADA A A o BAAAAAAADRANDRDSRAADNDRRNBRRMD

HODD SH+ %G.53404323%3
$042 )x14+4 -4142x1 L

xnp «(sn:j oz)+2ux5~£ i B RNEY 10an0. 514048 ) - 2xRNXSHx (1-2)%0. 5
99

Aar . Tan .__
\4‘ -P-I'J'-’J'- -F
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v XX+N _IND 5 Izﬁ }3 X 15" Dfé‘ )
ﬁﬂi‘ﬁftﬁw Ll M.gga; pok "54,5‘ B 1

RECORD SIZE OF N 70O DETERNINE NUNBER OF SANPLES IN B
LOCATY LARGEST SANPLE SIZE
ORDER B SMALLEST TO LARCEST
% UP NATRIX OF SIZE REQUIRED TO STORE SANPLE RANKING. .
§§ CA!’RNAI'I' O AND N ’ .

Ad+oN
BBl /N
DD+B(AD
XX« (2R,

.23 » P » B PIPPEDD

PIHD CUMULATIVE SUNS OF SANPLE SIZZES.
{°ng *\NN

211‘555 LOGP INDEXES OUT ORCINAL SAMPLE VALUES FOR PURTBER CALCULATIONS. 4
“'"’i}ORI INAL SANPLZ 7ALUES IN 3 ‘

i
]
1 .;i”t(ﬂcgi i 23756518 ons or ELENENTS OF X VECTOR IN B AND ASSICN 20 C
la
4
i

 HIS L0OP DRTECT TED INDEXED POSITIONS AWD INCREMENTS TEE INDEXING OF
tac§ sb !z‘ T3:5750 vE

SUCl2354 SIT.ON

[an oo 20 2 su af B 2n od BB 2u on 20 2n 2 2n on S0 28 Ah 2 2n 2n an am an A 2 )
DR  IRIIIRIRIPI IO 44 4 4310 -4 b 1h 44 4244 DB IR £ LI

HOWLO-INWMEWNILOW BSNAEWIHNROWOEB IR EWHOL-AALLAL LSS,

Q
by £sF” D!’H E'NZNT 0? C AGAINST REST Or 7 ¥OR 2IZ5S ,
L2:2«(C D= DOC ,
a P ZQUA. TO THE APPROPRIATY SIZE (Dr8 SIZZ) IZRO 7ECTOR

' L]
a cgﬂg;rxuarz # AND VECTOR OF 0'S AND 1'S (1'S APPEAR NEEN TIE OCCURED) Z.
3 ADD RESULTANT P VECTOR IO C 'v
1 g

& CONTINUE POR ENTIRE C VECTOR .
I Ak N T ;
AR ‘

buil (&é<da)iti chiep o
v o

P

&

V _IN<INPOT 3
igilug z}§§ 4 wi §?5 !'H!’ INPUT PRONPTING AND BRROR CHECKING.

ié , WISIG, NANW, KEN, SPNAN, AND NPLA. *

te »>»
N‘

ﬁ! 5415%';(033 THAN TWO OBSERVATIONS ARE REQUIRED). ' X

e :

52’ 'HNI'!R X DATA (MORE THAN TWO OBSERVAI'IONS ARE REQUIRED).

6&%’1 (NUMBEZR OF Y ENTRIES NUST EQUAL NUNBER OF X ENTRIES).

i vg;ﬂg;ﬁan

i
2
3
[T
s
H
3
2
9 L%" NTER THE HYPOTHESIZED NEDIAN.'
2
3
u
s
6
’
3
0
1
2
3
[Ty
<
H
7
8
9
0
i
2

00“-0 OR

Bt

v
Lm0 B A A I S B B BB B B B B A B T SIS B A IS S
& E E W W WWGHIWHDW I IRNRINPIIIAIN - bbb =3 15 b 12 44 b3 14 O BB N VR £ D

Zy
OZ(pIN)>1)/83 N
L}k' 'NTER THRE HYPOTHESIZED MEDIAN FOR THE DIFFERENCES OF THE PAIRED DATA.! r‘
*((DIN)>1)/Z3 T~
§ ' ENTER THE DESIRED CONFIDENCE COEFFICIENT: !
} !§R BXAMPLE: ENTER 95, FOR A 95 PERCENT CONFIDENCE INTERVAL.' X
- v(IN>100))/Bu -
:gs 7?”3 /ES Y
Bi:'ERROR: THE SIZE OF YOUR SAMPLE IS LESS THAN THREE; TRY ACAIN.' -
+(2=1)/L1 a
231'28303: SANPLE SIZES ARE NOT BEQUAL: WANT TO TRY ACAIN? (I/N).! F'
*(B=171)/L2
'§era 3fcar ARROW + 20 QUIT.! ,
u.’
: <
100 -
‘.
N
\4
‘:

e 2 Tn > % N T AR S IR Tt I SN B N N i A
"N GO YW W S AT AL : s Ry LR ‘ .
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PILIPININIPININII 24 332 -2 42 4h 32 33 12 02 WL D S DU £ WIS

NAOAREWNILOOB® ICHAEWNNIPOLL AL A s s sl

Vs Wy T vV YV Yy T ey v vY v Yy WYY rvvyey

& E F W) Wt tsr 21 21 RN AL 1 12 4 1 12 40 1 D8 IO £ W

ROV EWNHOWER IBLFEFWNMOOB INBEWNINKED A slssaall
A A S &AL S AASAASsssASMARAASSNASALALSASD

FY TV VYV YW T Y vTey « 8 « VYV VY vy vy Trrvrwrvreyr vy rervyryrrreys

..’
A i

el el P Ll P O T O (o Lo € D Ty ) W L e L T U
» R VW .'~ ".‘~ » [l 5 . ¥

ls;?IRROR: TBE BYPOTRESIZED MEDIAN NUST BE A SINGLE VALUE; TRY ACAIN.'
:éﬁ'l)/&i
Bé: BRROR: THIS VALUER MUST LIE BETWEEN O AND 100; TRY ACAIN.'

*LS
l?::IBROR: ZBIS VALUE NUST BE AN INTEGER: TRY ACAIN.!'
;LS

v :nr NTERP B: ;p

p ﬁ‘ ghfg,g HHAE i e

g c3art 5 VALY glzoggnés g%fa” or % gtz 1t basU5h St
o SEPARATE T2E CDP TABLE AND STATS. INTO SINGLE VARIABLES.

e

*((
D

KBERS A FPIRST EXCEEDS OR EQUALS ONB OF THE TABLE VALUES.
13 ; i‘r. DOES NOT EQUAL ANY TABLE VALUES SET INTER = "1.
1 NDl4 iOCAfION OF FPIRST OCCURENCE QF MNATCH

IP INDEXED P0SITION EQUALS ONE INLDEX P-VALUE OUT QF CC.

~(0>31)/L
SyPealtEing

«Q
" CONDUCT INTERPOLATION TO GET PROPER P-VALUE.
L3: 50{;*0 11 552931
gre g *0312227p-11
INT goccc -11+PL

LS:INIERO i

a xxnr«;g oA Dl‘fuaié g A F RiGhRITTS ' B (KEN) AND NON-

g BT PR R

'nw zrﬁzrzlzrzx pquazwczts FOR X FPOR SANPLE SIZE NN.

o oL ( DTLETAINE SIZE OF RICAT PROB. TAIL VECTOR

. o§§54 op HCREMENTS THROUGH THE N SAMPLE SIZES TILL THE DESIRED ONE IS
Lx:o 00

b 4
n«7N+1
f’é NNx(NN-1))42)+1
-
n INNER LOOP GCENERATES NN+1 FREQUENCIES FRON THE VECTOR OF NN FREQUENCIES

‘%Eg’xc?a-x)n

£§ Abf NN AND INDEXES OF X STILL REMAIN GO TO Lu
0(((9 =NN A( 3 A)

*((B ‘)< g SZ CONTINUE TO INCRENENT TBRU OLD FPREQS
.5 Z% EPT BALF OF NN+1 VECTOR IS CONPLETE GO IO LS
Ju A 'H:S Z00P ALLOWS INLI N TERIMS TO 3E JSED IO JENERATE JEW TICTOR

oS »xcla -4))-X[AA]

2;((ti(3-1)02}4123}3;53}63up AND ASSIGH 70 E

" !gR NN g! APPROPRIATE SIZE E THER DROP FIRST VALUE OFF E OR NOT
0( 10,11,14,15,18,19)/L3

2, gonpgzrz NEW VECTOR OF FREQS X BY CONCATENATING D WITH E
a CONTINUE UNTIL SIZE OF SANPLE N IS REACBED
L]

+(NN<N)
cxn‘ﬁarx VECTOR OF CORRESPONDING P STAI'S OF PROPER SIZE C

'
n

101
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Y w3y ¥y wyr vy oy sy ww e vy s v T TTt

WHANRNIPINNINIININ I PS4 42 4240 bbb pd 13 12 D 00 ~JOVUA & DN
HOWO RN EWNHROWVDIOAEWNHOLAS a.aaas

CAAD 4 8B A AR A ARAAAABASSA,

EFWNHROLAA LA AALLS

1
2
3
4
-]
6
7
8
9
1
1
1
1
1

OONPNEWLNROLAA s o s 4o & &)

000 0 2 1 b b 3 )3 10 (O 00 B Ut 6 ORI

E

P+0,

'f¢|( i P inlé ;2 SégRON THE P VECTOR

FRON TBE FREQUENCY VECTOR

(] FREQS TQ CDFP VALUES AND QUTPUT B STATS W/APPRO. CDF VALUES
gENPtéa CloT .%?*\XX)G(IN) i /

7 NANSN NAWVE NOFLQLPLS:iTi0,7 NN M:UU; MM
Fi8iTH SN B awn -varTNEY TEST (MANW).

: iAngg sa%gflr E CUH ;Afgp OgH siggbgaz U STATISTIC. N = SIZE O

ngﬂf??f;” UHBE?)OP TERMS TO BE INCLUDED IN LEZPT TAIL DISTRIBUTION LESS 1
SET F VECTQR EQUAL TO 1 CONCATENATED WITH MM ZERO'S

a
Fe1 ,MMp O
® el ((Ho) 5T T BQUAL TO TEE MINIMUM OF N+M OR MM
I ""SET Q EQUAL TO THE MINIMUM OF M OR MM
a

N nu -
QeL/ ENON IF MM IS LESS THAN N+1(SIZE OF X+1)

0 LINE
+DENOMx \ (MM<N 12
a I? #f +1 GENERATE FIRST BLOCK OF RECURSIVE RESULTS USING NUM LOOP

Me
2 ’3%54 ;rjoxggua USED IN GENERATION OF FIRST BLOCX OF RECURSIVE RESULTS
- -
a‘zfs‘cgsamtw SECREMENTED TALUE TO U AND TESTS I? T < 79IS NEW 7
x
SLaxy (Paretel
a SENERATE PINAL RECURSIVE RESULTS USING DENOM LOOP
DENOM: S+1

UH.VQ-

A M&R{ PORMU;A USED IN GENERATION OF FINAL RECURSIVE RESULTS
3: vry 7073

r
-

~L3x%1 (MM¢112V¢V+1)
+Luxy(gasS«S+ %
N

€1N¢(+\Fg*(

zgg?UENCI TABLE TO CDF VALUES FOR FINAL OUIPUT

v Z+«NORMCDFP X D

. BV, .E . g 4 .V;CZQ X. ?gg Lﬂ<u 25i%&11 Ay R g N?
fonlef ;*i i e fpetid tgbtite Bt gl
n¢§%% gggi) SL \

B? /

OW PRO LE
)=p
-
A+
2

o

/Z+X+,X

Z*NOBMPTE P;A;B:;C;D:Q:T:S:R:F
8 IMPLEMENT Lg R 1653 B ¢’ fé £Egg 1o ABBELED 3877
arrias cLarher Atboearh TRAGHERRE 1348355 5‘”.&13' TRACT
25\5‘ ?gf?f(?§§)%§a~§ Z FUURLVET, 3Ly 2NETJE JQBE N ”s:ﬂ“ﬂ:- _; puie) it
-(v/({id+,P=1.3,83.32))/3+GLC
SEZ*.
I*KO 4221Q)/2«
*((aisgéigggg 5?/2+DLC
A+ 2.50662823884 ~18.6150006252 41,3911977353u ~25.4u10604963
B+ 2?.was 08309 2 .083%67&%7“3 ~21.06224101826 3?130829093337
TeIx(((Tw2)e .20 33 +.xA)¥1+((Tn2)e . %14 )+, xB
2{{0, 42214 /19,81
EXP:C+ "2.78718931138 "2.2979647913u u,.85014127135-2,32121276858
3.3u3?992u752 3.5373678%?%7 .
S+(xS)Ix({Re.%0,13)+.xC)+1+(((R+(]|00,5-|5)*0.S)e. v 1 2)+.,xD)
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/
Bﬁ zg(o .42<1QJ/1pQ)+S

BRAR:'ONE OB MORE P VALUES ABE QUT OF BANCE.'

PERR N
FUN fIbN %S CALLED BY SPEARP. IT GENEBATES ALL POSSIBLE
i UZAT. ONS OF N RANKS. N éAHPLE SIZ ..S
’ I\N Pe 1
¢P RH N-1

L °°0x N<X¢ +1
+ 1 N)eXI\2

t{ XlN-I) N)D(.P)..I

OB NPWREWNR -

()

-~

Fa

V MeN QUANC

NN
P

T oy "

o

2

((I11]+K-1), (I121-K))

THI ?bﬂ cfvts EOICZ ¥ NONPARAMETRIC CONFIDENCE INTERVALS
8 Q=QUANTILE. 3r czﬁzs gxz SUBPROGRAM CBIN
a _CENTERS caoggzs AT THE ‘ORDER STATISTIC NEAREST ESTIMATE.
a7 I35 1.5 STANDERD DEVIA TONS (APPROX. )
J*. 0, :#1 ix(¢x1 Q+100)%0.3
aK§QI+ 1+
Jof 0
2,pK30 (N o.ozxg) Lot P4
STATISTICS | COEPFICIENDSY
"Iw s BA ]
o o - - ’
] Je ( uo (270K )p (17({I(2]1-8),IL11+K-1))

R
n FOR uz 55 ONTINUQUS POPULATION. N=SAMPLE SIZ
I« 0.3+4xQ+
Ialeds 5‘3 TE WAY
12 N-I?i
a_CONFID bcé g iirrc EA}S
/8 -3¢
A PART OF 70 TING OUTPY
el To o2
4
U0, K
NeN E 3 3 12 s ] (pr 1)l

["e ASTOIT. FINTRATR Yo THN U U5 W O W W W W)
Yr O)

L S R ST Y YNy “YNY, Y Y TR YXY

T -
Y ST YT Y Ty

V SPN‘N PAPRO
g NCTION fS A _SUBPROGCRAM OF SPEARMAN'S R }
n If AP ROXIMAIES TEE (o HMUBA!IVE PROB FOR R WHEN ASSED BE SAMPLE
iﬁll THE LEFT ARGUMENT AND TBE ABSOLUTE VALUE QF R IN THE RIGHT
UMENT . SUBPROGEAHS OF THIS FUNCTION INCLUDE: IDISIN

‘aJCA§gUL§rg gsx CONTINUITY CORRECTION
FORH THE STATISTIC R INTO ONE THAT CAN BE USED WITH THE STUDENT
X¢ x

n 2 DI B
(N-2 ;X I} 3
1 DIST UNCTION TO CALCULAIE THE P-VALUE
2 gPN IDISTN

=
P20 =00 N E WM

N p1 D2 LIM

A g NCTION IS PBARMA i . IT

" LCU ATBS raa EXACT as san LE SIZE

f 5 g I HT AR unznr. BEC A op rax LARGB COMPUTER MEMORY
A ng TREM NTS

R v SPBAR‘SPEARP Ci:ﬁ

h

s MITED TO SIX ON THE PC AND 7 ON THE MAINFRAME.
ROGRAMS éALLE BY THIS FUNCTION INCLUDE: PERM

ICINITIALIZE VARIABLES, VECTORS, AND MATRICES.
M’-UV 'V)OO

(N~
'9f$ qu’ CENERAZES AN ! ARRAY QF TRE POSSI3LE VALUES OF DIFFERENCES
E HEEN ANY ITWQ PAIRED RANKS BETWEEN SAMPLES.

: *C-A
+

a Ngé 3££CULATK TRE SQUARES OF ALL POSSIBLE DIFFERENCES.
po5E A%L PERM 20 LIST ALL POSSIBLE PERMUTATIONS OF N NUMBERS
n ALC022§5'§ ZE&LIMEI OF FINAL VECTOR OF R STATS.,
NITI ALUES BEFORE INDEXING OUT COMBINATIONS OF ALL POSSIBLE

PORIRINI S 14 3 43 3 12 1 304 § 3 ) D ~I0VA £ WS
WP OWVWIOVN EWR - Otk A S At A8

—p
o o
T YT T T YT YL Y T Ty

—AALAALALRALSARDMN A
» hnn
(2 > {33
~ e gt
»mm
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MR MM AR

(3

FONHOWVONNNWMEWNHROOONMAE

(W Orer W WiV W S P e wr e W S e

EFEFEL

-

WO W NOMEWNHOVONNWM EWNRPOWVBNOMEWNHOOVLDNOWNEWRNHOWAA A A A 2 24

A A n i A A A A A A A AL AL SAAS A B8 R R 2AAAAANADNRADRANAR o 2 A a2
]

hhn

MMONUIE E FEFEFFEFRFLWLOLWWLWWWWWLWRINNNIRORNNNNRN S R R )2 1 R D00 N F WD
QW

[ o o B R NI 55 25 50 20 35 S5 J0. S8 S5 Sn An n S AR Sn AR AR n Sn mn e gnan me b me un an an s onP g nnanag o onPon Sty S FOVERRIY

R S UARED VALUEBS.

S¢ N
22?815 LOOP CALCULATES ALL POSSIBLE COMBINATIONS OF THEZ SQUARED VALUES.
EE *H A D(;21]
DD

OHN ALL RONS FOR EACH COLUMN IO SUM UP SQUARES COMBINATIONS.

23557 P NOMBER OF DUPLICATED SUMS OF D-SQUARED VAZUES AND COMPRE
8 802r0n Doun rolinRgEEGaTERSS q “ 55

L3:Ci+Cy, /D2)
D1«D% ;+5&( /D2)=D2))

D2+(((4{D2)=D2)/D2

»3 51}< M)/L3

A 01_ygxc fgg(op sgaAst VALUES TO SPEARMAN'S R STATISTIC.
ncgégggeA{ CDF 5 ALUES Agsacrarsu WITH THE R STATISTIC.

'N
a Z0RN TG 20N MATRIX FOR OUTPUT OF 3 STATS AND IDF TALUSS.
§PEAR+(2, (5C1))p (R, CDF) ’

v SPH«X SPMANP I;C:D DD;D1;D2;:N;DENOMR ;XX ;Y1 ;NS;NUMR;P;PV;PVAL;SU;SV:RHO:
S A SUBPROGRAM oF NONPAR LINEAR REGRESSION (NPLR)
2 (SPMAN). COMPOTES THE SPEARMAN 3 STATCST
VALUES . ”EE EE’T ARGUMVNT THAT IS PASSED s THE X
SAMPLZ; THE 3IICHT ARGUMENT 5 TR 27 MPLEZ.
" SUBPROGRAMS OF THIS TION ’VCLUDE: "I:', TTZSX, SPEARP, 5PAPROX,.
INTERP, AND THE VARI AEuE PMATSZ.
ORDER Y IN INCREASING ORDER OF X
ORDER X IN INCREASING ORDER
247 COMPUTZ ZURRENT RANKING OF Y
C+
- NOW ORDER Y RANKS IN INCREASING ORDER
Di*VEAV]rIz

S EXIST IN EITHER X OR Y RANKED VECTOR USE MID-RANK METHOD

V<X [AX]
J+XLAX]

®» D ®» D P DOLDDD

FIgD ORIGINAL RANRING OF Y WITH TIES RESOLVED
r%Egg SJSIZE OF INPUT VECITOR

nNCiLCULAIE DIFFERENCES BETWEEN RANKS OF X AND Y VECTORS
(] D§TE MINﬁ THE SUN OF SQUARES OF TBE DIFFERENCES

D +/
2 THE NUMBER OF TIES IN EACH VECTOR USING TBE TIESK FUNCTION

SU« g /§U1*3 +/01;;412
SV* +/(V1%3))=(+/V1))+12
a CALC fﬂ {IST C INCLUDING THE CORRECTION FOR TIES
é §)xD 250 14
(NS-(12xSV))I*0.5)

DENOMR 12xSU )*0 5
A?st /L1
CALL SPEARP T0O CALCULATE TRE RIGHT TAIL OF ITHE CDF OF R
PngEARP N
L1-*(N>1OE
P+PMATSP( (N-5

CHANGE SIZE Y58’ 1o AW wxw mazrIX

tt INTERP TO CALCULATE P-VALUE BY INTERPOLATION
'Z'DVAL*ARHO INTERP T
~(PVAL="1,/L7

=Vnh‘0..

CALCULATE VALUE UgING STUDENT T APPROX.

3:PVAL+«N SPAPROX
:SPM+(RBO), PVAL
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O I F W

i B S an an on an gn an S mn an adl 2n an

VM EEEFEREFEEWWWWHWWWWIWWNNRNNIPINRIRE b 1 5 pa ) 2200 O 0 JTVUR £ WR=
HOWONOWVMEWNROWVRNOWMEWNRKHOWONAWN EWNIROWDONOWM EWNRMROLAS A AL s s 8

[on 20 20 20 20 S0 S0 20 20 S5 S5 25 S0 S5 A S An Bu SN BN BR S ML B 2n an S0 s )
A A A A L B A AALSAARMNDDLAANLSA RN AR S p o B A B AR K A A A o B N )
D

O\A 2 Sal 2 4 4 42

OO IR E s
—d

FrrvyvY Vv vassu

vTIH"‘S ggrsrw ﬁ’fﬁ SUBPRQGRAM OF THE CUMULATIVE PROBABILI*Y E.

n FOR SPEARMAN'S R 3 PEARP IT CALCULATES THE CDF AT X USI CENERATOR
a THE TUDSN?'S 7 DIST WITH K bE GREES OF FREEDOM,

anEIS NCTION CTALLS ON TEE F' DISTA IBUTION FONCTION (PDISTN)

0
P+0 .SX{Z X) PDISTN X»2
+8x10=v/P
PEV/toX «0,5+V7/P

PE(~V)/IDX3¢0 S-(~V)/P

V TI+BB TIES B
TRAIS F UchIok Is sba ROC

M

’] k NbA LL'S 8 5sz)
R (s PMAND -wALL:s (KW

TH

SPEARMAN'S
MANN-JEITNEY 3
HE 3IGHT ARG. JECITLR 708 TIZS
L

coxbn ":sr, ND
EFT ARG. B THE MIDRANK METdOD

T CEE
CEANGES THEE TIED POSITIONS OF

NecB
A {P NO VECTOR OF RANKS IS PASSED; GENERATE ONE
§§(pgss)=o /L6

PDDD

a CHZCXING FOR IIES 3Y INCREMENTING T2RU THE VECTOR
L3:C+(2+3)=28(1
A COUNT NUMBER OF TIZS; IF NO IIES GO I0 L2

*(D 0)/L2
“I §Ego 3+”§ERZ TIES STARTED AND BOW MANY RANKS INVOLVED
‘..

22°“+T (DIN REMENT NEXT T BY THE NUMBER OF ITIES ENCOUNTERED PLUS 1
nIé;gNQ§§§ TBAN SIZZ OF ORIGINAL VECTOR GO TO L3 AND START ACAIN AT NEw T
el 7
-]
21#88
2(1-0)/0
f { NDEXED PQSITI NS oF ED RANKS
LS PP¢ (I 1 Z 1 *1}21 1+2]+I[242]))=~1)

Z OoF TE SEB NKS
g T UP VEC%OR HITE ZEROS AND ONES; ONES WRERE TIE RANKS INVOLVED
.
MM*N%O
Me(2I= !I[PPEK]J)
+(XK<I[2
gy

ASSIGN T8BE RANRS OF THE LEFT ARG. IO IT
IF NO TIES FGUND QUIT

Lu

] MM +ZJ&éCTOR WNITH ZEROS WBERE TIED RANES OCCUR

A TR%%SSORH ONEBS OF MN VECTOR TO MIDRANK VALUE

A Tg?ﬂ FORM ONES OF L VECTOR TO REMAINING UNCHANGED RANKING VECTOR
anILL IN MIDRANK VALUES

2+2+2

*(I>Z)$€§ SAME FOR ANY OTHER TIES INVOLVED BUT WITH NEWLY COMPUTED II

v TIESTIESK AR;A4:8:C
: PMAN) V550w MAT
G

Y
[

Fl

. .’7:1 SACIMENT TOR

TZ AND THE ITOTAL N

ASSIGN ORDERED VECTOR T0 B
gOAAéAAA]

TE+p0
Te1

1)

[STgfsitl
bty

gy
Wi )%nh
ity

3
2
#

4

(ST

D Dhbn

b.
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11] = BECXING FOR TIES BY INCREMENTING THRU THE VECTCR
12 La:Co(r¢3> afry
131 OUNT NUNBER OF TIES; IF NO TIES GO TO L2
15] =
18 L s~r z D¢§
1 e, r 20 i NT NEXT T BY THE NUMBER OF TIES ENCOUNTERED PLUS 1
-
%3 u’{ oLk s§) AN SIZE OF ORIGINAL VECTOR CO TO L3 AND START AGAIN AT NEW T .
?
]
f
Y VAReVARNW B:C:D;E:D1;E1 |/
1] = rg S +TON IS A SUBPROCRAM QOF THE MANN-WHITNEY TEST (MANW). )
2] a 51 gxn A;B HE RANKING SCHEME uszo IN CALCULATI G _THE
3] a DIFFERENCES IN SCALE (1 ssrcmzv MALLEST, 3 ASSIGNED LARGEST, 3
sul A ASSIZNED NEXT si2ZZST EZCN A,gd,ggrs br2 "5y Typs TILL B3ipEz ‘
51 e SAMPIZ SIZZ s 1-5»:;5). SAMPLZ BIZETIE SASZEDTINTTRE RI3ETiEG .
ey i -
'3 " FIND FLOOR JF MIDPOINT JF TECTOR AND AG3ISN T0 ¢ .
<
10 2 L 555 CENERATE RANKINC VALUES LEFT BALFP FIRST N
12] "B<E,D
13] +((sE)=C)/L3
L1u DeD+2 N
151 EBez,D
rI8] ~(ls2)<c)/I2 . )
PI%Y a NOW CENERATEZ RICHT BALF
187 23:01+2 ~
19] “DisD1+1
20 E%*BI D1 h
21] «((aEl)=cyisLs )
;22 L6:D1+D1+1 -
23 3%031 01 ]
[2u] =((ol)=c)/Ls b
-25‘ 31‘01’3 . Y
26 z-«z: D1 . -
27 ~} 1) c&; X
%g Z “( 3) vzgrox IS-0DD VALUE CONCATENATE MIDDLE RANX IN BETWEEN HALFS .
30] é I§ zvzn CONCATENATE LEFT EALF WITH THE REVERSE OF THE RIGHT J
32 o .
33 L;.VAR«:.B.(.21) é

v WILHILD NN.N ESULLAN

8 raz tzbn IS A slebr OGRAM OF THE WILCOXON SIGNED RANK TEST
} SIG IT ENER TS 25e CUMULATIVE DIST. FOR THE TEST STATISTIC

a a% %snzxnrg g§ss RECURSIVE FORMULA. NN=SAMPLE SIZE.

Nﬂ¢ L((+/1NN)¢2

SET P EQUAL IT0 PROB. DIST. WHEN N EQUALS 2.

e & v u € 5 ¢ o

Lii¥‘~+1 .
SET T VECTOR IO PROPER SIZE OF ZEROS.

IF ASN USE TRUNCATED RELATION TO COMPUTE OCCURRENCES.
IZ A>N USE FULL PORMULA TO COMPUTE OCCURRENCES.

n {ﬁ% z%-ﬁ) IS NECATIVE TRUNCATE FORMULA TO AVOID A NEGATIVE INDEX.

A
n1'4-(+/(1N))po
g“'*(dsﬂ)/bi

¢ I_{/ A

4 2
h
fl rl

IF¥ A IS LARGER THAN THE LENCTH OF P GO TO Ls.
INCE ’A/V\ JECOMES 205ITIVE: ITBE IECURSIVE F2RMULA ZAN 3ZE USEC.

2

D

S DB Rl i i S i A 2 B i i 0 0 i o i ]
W W WWWWNNRINRNINE I IE IR A PR 1 5 b )b hb 33 13 D O RN £ WN B2
PSS
.

NEWLBRPOVONRUMEWIIN L OOVBNOWUMEWRNHOLAAAALL ALY

A A A A A A A AD S S & a4 A A ARADAARDSRDAD
D DD
uu 0 qm btz P>
Ty
PR L

t:“‘.:. A=, +2 ..n4
7 .
? f I§ LARCER THAN THE LENCTHE OF P TRUNCATE FULZCTION AGRIN.
zEA (A-
(A< ¢/Q N§ INDEX HAS NOT EXCEEDED N(N+1)/2 GO AGAIN. .
1
CON % %&TO P AND CONCATENATE 1 FOR USE IN NEXT ITERATION OR OUTPUT. *
:P*( +/(1\N))pT),1
HILo +\PP} }
A (o} g LENG 8 OF INPUT VECTOR EXCEEDS NUMBER OF N'S GENERATED. ¢
*(NN>N /L3
i
:¢
106 =
"
LY
~
N
q;'.-;-‘;f._"._".."._" "\"'V/'.-’.‘ PRI G -;...".;'._"'._’._-"_-‘. S Te e e T T e e .,"“._- ’\-'._';\- PR B TR -’.‘.;“\.‘ RGOy »-\-‘.;




CRgth e L ath L g e si e P P T T KT T XA

- ow oo -

APPENDIX G

S LISTINGS OF PROGRAMS USED TO GENERATE C.D.F. COMPARISON

' TABLES

v l NT!ST iALPAR ;B:A:CTAU;P;NUM;DEN;2;22 ERRZZ M Z2C DiAA PP NUMC I8 F

. S:S i ERRZZC 2o kK
3¢ aT§IS PROCAAM SCNERATES TABLES SF T.0.7. COMPARISCNS FOR ZENDALL'S 3
2 s SET SAMPLE 5ILE AND ALPRA VALUES.
= AcPEis . R :
a Puis -onp NC?EMZN" s.np,z s.:z
LI:Pg‘pc
<]

a COMPUTE CUMULATIVE OIST AND ASSOCIATED STATS.
P*KZNDALP N
TETS LOOP ZALZULATSS ARLPHIA 7ALUES AND APPIRXIMATIONS.

el R B 'Y

(RISTNTSISISIPYNINTN TN I T R R St =y e 1]

WO IR EWRNHROWV®IOUAEWIINISOO® 1UWNE RS OL A .2 s & & s a3

D{MAL AP§ROXI TION.
0.

4
<
.
<
4
L]
4
1
NUM«+3 x ) I=0
DEN<(2
%ONU +DEN
2+22,(1- NORMCD’ Z)
3
<

U

g NORMAL APPROXIHATIOH WITH CONTINUITY CORRECTION.
Ngﬁga3!(fdu AR )= ((Nx(N-1),=0.5)

“Q

Z%CtZ%C (1-NORNCDF 1C)

gOMPUTE ERROR DIFFERENCES.
RRZZ+PP-2
RRZ2C+PP-21C
nI 0.1 PRINT OQUT TABLE OF VALUES.
-* -

J+195
S+'TEST STAT. VALUEZ !
NeM,'

'PROBEB 2 B1; FOR SAMPLE SIZE EQUAL TO ',(2 0 3N),!

CAV((180187),/,61p(8p187),J]

SLPESL

.9999 >' OFMT(1 7 oKkK)

-l
*(Ni

N3,L5)CD
n1:s«'z AcT 3 ]
J+l

+L3
N2:S"ZRROR: NORMAL '
PP+ERRZZ

*L3

A I Y, » . -
VvV T VT Y v v ¥ vV Yys s rv ¥V VY VY r vy vy v ) vV VT Vv vy Yy T vV ¥y r vy vy Yy iy syvy v ¥ vyuTvse s s v TYVETYY «rYw e
EFEFFEE Lt

WEWNLO

NNNNOOORORORRHT ULLMRUNUIRLAWL E £ §
WAL OCO® MW FWRNH GUWE N EWRHR OGO
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TR N

74] N3:S«'ERROR; NORM. '
75] PP<ERRZZ2C EM. W/cC
76 +*
77] Lu:iM
78 ;(N<1u)/51
vV RWTEST:A ;PP:P7NN; ALPHA s P P8 PVALUR ; PVRL : PPL ;PR 2V PTPL 0 ERR

H;ERRP: iaBE (Db el RE T I FF ISR

a THIS PROGRAM GENERATES IABLBS OF C.D.F. CONPARISONS FOR THE KRUSKAL-
A WALLIS TEST.

A= 4 4 4§

CC+2

ALPEA*- 0.01 0.02 5.03 0.05 .08 0.13 0.18

Ll:

eﬁCéLL KREV%LP 20 GENERATE EXACT DISTRIBUTION FOR SELECTED SAMPLE SIC
d& s *

8+0 .

Lﬁ'Bt
a LOCA E POSITION QF EXACT CDF VALUE s ALPHA.
2?5;6)52?5&'?34[ 1)

D+
L DETERMINE CORRESPONDING TEST STAIISTIC VALIE.

pric]

BLAL L s an an Sl BN oh an b o me sn on an an SN s au ol b am un aa En s un ]

FEFEEEEFWWWWWWWWWWEIRNNNNNNRNDR AR R R R ) 2 O 00 NIV EWN -

(o an on an an an o on an g ge g0 g SR BRI T o un on an an s e an TN on an o an am o enanan mmam s S an amn an mn ma aw gn')
F3
0O NOWN EWNHOWONOL E NP OWONOUNE WRNROWOINUIEWRNEOWURI0UE W OWONU EWRNISOWE IO EWNIIOLL A AAALa 8

kn xncz VALUE OF CDP.
5;&505« 2;0 D]
A oupbrs axazsponoznc P-VALUE USING CEISQ APPROX.
PVAL#( -1 sa B

fE CORRESPON ING P- VAL?{ USING F ARPPROXINATION
K) %) +( (K- § B
PV (N -K)) F STN 14

?E ch ESPONDIN? -VALUE USING F APPROX W/ 1 LESS D.F. IN DENCON

7F1¢ N-K)-1)) FDISTN F .

PF1+PP1, (1-PVF1) ;
(B<7)/Lu

D0

{R
e,

S*'TEST STAT VALUE '

M‘M&MALAA.L<M<U
Yty w (9
5 o
) t, &
I 5
3

(N N2,N3,N4,L5)[D : .
NlKS*'ALPH 'value -, X

Jet 4t

N

u

5

:

5 MM, BLH 2 QAV[u46),']): FOR A GROUP QF 3 SANPLES CONSISTING OF &

i 4, AND ! (ucc). oé '

] +L8

5 L J"-!

g LB M*M 5IJ(179'-') ,J,61p(8pt=1),J

5 *pO

] H+16pS N
6 FeF, .
6 C+0 «
§21 _+/D=z0)/L190 ;
637 Zii:C+CHi .
gui TIFLY TiU(7 u mREICI

8 FeF PR

] +(C<7)/L11

[ *512 ~
6 L10:C+C+1

[ FFel t,(7 S5 ®KK(C])

7 FeF,

7

vi

7

7

7

7

7

7
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g 2
:gO' ;‘0]; CRISQUARLE'

-
N :30" oR; F L.ST
>,

A VAR &

Y W VYY CTV Y
LIT L i b g ddedd

O N -3 E b2 O D

LsasasAdlasasaa:

M-
+ ,!Ngia-- a YANDCN JESTIAR CF GANKINCS.
00.0 &..
-p

§T13IS?:C POR EACE VECTOR JF RANKINGS.

S T N N o NI r Y Fr iy siaemm

i IR EWIIONE  SOMA T W OOE® JOWLEWNHROOS INAT W HAONE A LA S AL » 88 s
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